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(54) Gas separator for a fuel cell, and fuel cell using the same gas separator for a fuel cell 



(57) A fuel cell enhancing the utility rate of supplied 
gas includes a separator (30) having a plurality of holes 
(40, 4i, 42, 43. 44, 45) extending therethrough and a 
plurality of ribs (55, 56, 57) communicating between 
mutually confronting holes. Oxidizing gas supplied into 
the fuel cell passes through a first oxidizing gas feed 
manifold (60, 61, 62)formed by a first hole (40, 42, 44), 
is distributed into a first unit cell inside oxidizing gas 
passage formed by a first rib, and is merged in an oxi- 
dizing gas exhaust manifold (63, 64, 65) formed by a 
second hole (41, 43, 45). This oxidizing gas is guided 
into a return plate (70) disposed at the end of the fuel 
cell, is further led into a second oxidizing gas feed man- 
ifold, and is distributed into a second unit cell inside gas 
passage. The oxidizing gas sequentially passes 
through plural unit cell inside oxidizing gas passages. 
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Description 

BACKGROUND OF THE INVENTION - 
1. Field of the Invention 

[0001 1 The present invention relates to a gas separa- 
tor for a fuel cell, and a fuel cell using the same gas sep- 
arator for a fuel cell, and more particularly relates, in a 
fuel cell composed by laminating plural unit cells to a 
separator for a fuel cell provided between adjacent un. 
cells for forming together with adjacent members a fuel 
gas passage and an oxidizing gas passage, and for 
separating fuel gas and oxidizing gas, and a fuel cell 
using such a separator. 



2. Description of the Related Art 

[0002] A gas separator for a fuel cell is a member for 
composing a fuel cell stack of laminated plural unit cells, 
and has a gas impermeability sufficient to prevent m.x- 
ture of fuel gas and oxidizing gas supplied to adjacent 
unit cells. Such separator for a fuel cell usually has a 
surface which is ribbed or formed in another corrugated 
sectional structure, and which forms passages for fuel 
gas and oxidizing gas (gas separators having such 
structure are also called ribbed interconnectors). Such 
a separator for a fuel cell, when incorporated .nto a fuel 
cell stack, forms a passage for fuel gas or oxidizing gas 
(unit cell inside passage) between an adjacent member 
(gas diffusion layer) and this corrugated structure. 
[0003] This gas separator for a fuel cell also has a 
Ucified hole aside from the corrugated structure for 
forming the gas passage. When this fuel cell stack is 
formed by laminating unit cells having gas separators, 
holes conesponding to adjacent gas separators over ap 
with each other to form a gas manifold penetrating the 
fuel cell stack in its laminating direction. Such a gas 
manifold is used for passing the fuel gas or oxid.z.ng 
gas from the outside of the fuel cell to the ins.de thereof 
and for distributing the fuel and oxidizing gas intoindi- 
vidual unit cells as well as for leading the fuel exhaust 
gas or oxide exhaust gas discharged after electrochem- 
ical reaction in each unit cell to the outsrfe of the , fuel 
cell Therefore, the manifolds communicate with the unit 
cellinside passages formed in the laminated unrt cells, 
so that the gas flows in and out between the gas mani- 
folds and the unit cell inside passages. . 
(00041 Fig 32 is a plan view explaining the structure 
of a separator 130 exemplary of gas separators of the 
related art. The separator 130 has feu. -holes in four 
sides, that is, holes 140. 143 for air, and holes 150 152 
for fuel gas. These air holes 140, 143 and fuel holes 
150 152 form, when assembled into the fuel cell by 
laminating members including the separator 130 an 
oxidizing gas feed manifold, an oxidizing gas exhaust 
manifold, a fuel gas feed manifold, and a fuel gas 
exhaust manifold.. respectively in the fuel cell. 



[0005] At one surface of the separator 1 30. a rib 1 55 
is formed for communicating between the air hole 140 
and the air hole 1 43. and at the other suriace of the sep- 
arator 130 (back surface of the drawing), there is a rib 
s (not shown) for communicating between the fuel hole 
150 and the fuel hole 1 52. Herein, these ribs are groove 
structures formed in parallel. When composing the fuel 
cell by laminating the members including the separator 
130 these ribs form unit cell inside gas passages 
10 between the members adjacent to the separator 130. 
That is the rib 155 for communicating between the air 
hole 1 40 and the air hole 1 43 forms a unit cell inside oxi- 
dizing gas passage, and the rib communicating 
between the fuel hole 1 50 and the fuel hole 1 52 forms a 
15 unit cell inside fuel gas passage. The oxidizing gas sup- 
plied into the fuel cell passes through the oxidizing gas 
feed manifold formed by the air hole 140. is distributed 
into the unit cell inside oxidizing gas passages formed in 
the individual unrt cells, is collected in the oxidizing gas 
~, exhaust manifold after electrochemical reaction, and I is 
discharged to the outside of the fuel cell. Similarly, he 
fuel gas supplied into the fuel cell passes through the 
fuel gas feed manifold formed by the fuel hole 150. is 
distributed into the unit cell inside fuel gas passages 
« formed in the individual unit cells, is collected in the fuel 
gas exhaust manifold after electrochemical reaction, 
and is discharged outside of the fuel cell. 
[0006] In such a fuel cell for obtaining an electromotive 
force by presenting fuel gas and oxidizing gas for Mo- 
jo trochemical reaction, it is desired to enhance the utilrty 
rate of the supplied gas. That is. in the fuel ceM. gas [iue\ 
gas or oxidizing gas) containing electrode active mate- 
rial (hydrogen or oxygen) is supplied, but al of the elec- 
trode active material in the gas is not utilized in 
35 electrochemical reaction, and in order to promote s the 
electrochemical reaction sufficiently, gas containing ttie 
electrode active material exceeding the theorebcally 
required amount is supplied into the fuel cell. It is there- 
fore desired to increase the gas utility rate to suppress 
40 the amount of gas supplied into the fuel cell by present- 
ing the electrode active material in the gas so as to be 
utilized sufficiently in the electrochemical react.oa 
Moreover, the oxidizing gas is desired to be capable of 
suppressing the amount of energy consumed in pressu- 
45 rizing the oxidizing gas (usually air), and capable of 
enhancing the energy efficiency of an entire system 
having such a fuel cell. 

[0007] To enhance the gas utility rate by making the 
electrode active materia, in the gas more easrty ut. .zed 
50 in the electrochemical reaction rt *J^«*£ 
gas be agitated and diffused suff .ciently m *e passage 
As a result, contact between the catalyst P™** " .the 
electrode and the electrode active material is impro eo\ 
In order to agitate the gas and diffuse it sufficient y in he 
55 passage, for example, it is known to ^eajt ^ 
rate of gas passing through the passage in the unit ce 
inside passage, to accelerate the flow velocity. To real 
ize such a method, the sectional area of the passage ot 
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the unit cell inside passage may be decreased. As such, 
a serpentine structure has been proposed for the shape 
of the corrugated structure that defines the unit cell 
inside passages formed on the gas separator (for exam- 
ple. Japanese Laid-open Patent No. 7-263003). Herein, 5 
the gas to be supplied into each unit cell is introduced 
into the fine passage formed continuously on the same 
plane. Therefore, rf the volume of gas supplied from the 
outside into the fuel cell is equivalent, as compared with 
the structure shown in Fig. 32 in which the gas is w 
passed simultaneously into a wider range on the same 
plane in each unit cell, the flow velocity of the gas pass- 
ing through an arbitrary position in the passage is faster, 
so that the gas utility range is enhanced. 
[0008] However, if the corrugated structure formed on is 
the gas separator is of such serpentine structure, since 
the unit cell inside passage is folded into small pieces 
on the same plane, a pressure loss increases when the 
gas passes through the passage. Therefore, in order to 
maintain the flow rate of the gas passing through the 20 
passage at a specified rate, it is necessary to further 
pressurize the gas to be supplied into the fuel cell, and 
the energy consumed in pressurizing the gas increases, 
thereby lowering the energy efficiency of the entire sys- 
tem having this fuel cell. 2 s 
[0009] Aside from the above related art, it has also 
been proposed to divide the gas passage formed on the 
separator into plural regions (for example, Japanese 
Utility Model No. 58-1 38268). In such a fuel cell, the gas 
passage divided into plural regions is formed on a gas 30 
separator (bipolar plate). The gas supplied from the gas 
feed hole into the unit cell passes sequentially through 
the plural regions and is discharged from the gas dis- 
charge port. In such a constitution, too, the flow velocity 
of the gas passing through the passage is accelerated, 35 
and the gas utility rate is enhanced. However, like the 
serpentine structure, since the gas flow is continuous in 
the unit cell, and the gas collecting holes are mutually 
connected through a diaphragm, it is difficult to solve 
the problem of pressure loss sufficiently. In the constitu- 40 
tion of this related art. moreover, since the gas flow is 
continuous in the unit cell, the gas may not be distrib- 
uted uniformly into each unit cell sufficiently. 
[001 0] Besides, when decreasing the sectional area of 
the unit cell inside passage as mentioned above, the 45 
corrugated structure formed on the gas separator must 
be much finer. That is, it is required to manufacture the 
gas separator at high precision. When manufacturing 
the gas separator, however, it is difficult to enhance the 
precision when forming the corrugated structure on the so 
surface. If the precision is insufficient, it may lead to low- 
ered manufacturing yield (increase of defectives), or 
fluctuations of cell performance due to deteriorated pre- 
cision in forming the corrugated structure. 

55 

SUMMARY OF THE INVENTION 



[0011] It is hence an object of the present invention to 



solve the above problems, and enhance the feed rate of 
gas supplied into a fuel cell, without lowering the energy 
efficiency of the entire system having the fuel cell. 
[001 2] A first aspect of the present invention relates to 
a separator for a fuel cell composing a fuel cell by lami- 
nating together with an electrolyte layer and an elec- 
trode forming member, and forming a gas passage 
inside of the fuel cell, comprising at least two holes pen- 
etrating through the separator in the thickness direction, 
and plural unit cell inside passage forming structures for 
communicating the two holes on one surface of the sep- 
arator, having a concave section, in which the plural cell 
inside passage forming structures are formed so as not 
to communicate each other on the separator surface. 
[001 3] In the gas separator for a fuel cell according to 
this aspect, when composing the fuel cell by laminating 
this gas separator, by the two holes for composing the 
individual unit cell inside passage forming structures, 
gas passages (gas manifolds) for passing gas in the 
laminating direction of the gas separator are formed. On 
one surface of the gas separator, moreover, gas pas- 
sages (unit cell inside gas passages) for supplying gas 
to the electrolyte layer and electrode are formed in a 
concave section for communicating two holes. At one 
surface of the gas separator, plural unit cell inside gas 
passages are formed independently so as not to com- 
municate with each other, and when the gas supplied 
into the fuel , cell is distributed into the gas passages 
formed on the gas separator surface, gas is not supplied 
at once from a single manifold on the entire surface of 
the specified gas separator. That is. the gas is supplied 
from the individual gas manifolds, in each one of the unit 
cell inside gas passages formed by the unit cell inside 
passage forming structures provided by dividing the 
surface of the gas separator. 

[001 4] Another aspect of the invention relates to a fuel 
cell for obtaining an electromotive force by electrochem- 
ical reaction with a supply of reaction gas. The fuel cell 
has a stack structure formed by laminating a plurality of 
unit cells composed of members including electrolyte, 
electrode and separator, and also includes plural divid- 
ing passage forming parts provided in the stack struc- 
ture in the laminating direction for passing the supplied 
reaction gas therethrough. Each one of the plural divid- 
ing passage forming parts includes a gas feed manifold 
for distributing the reaction gas passing inside the stack 
structure into the individual unit cells, a gas exhaust 
manifold for collecting the reaction gas discharged from 
the individual unit cells, and a unit cell inside gas pas- 
sage manifold, inside each individual unit cell, with a 
concave section for communicating between the gas 
feed manifold and the gas exhaust and supplying and 
discharging the reaction gas in at least part of the elec- 
trolyte layer and the electrode composing the individual 
unit cells. At the end portion of the stack structure, a 
passage linkage is provided for linking the end portion 
of the gas exhaust manifold provided in one of the plural 
dividing passage forming parts and the end portion of 
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the gas feed manifold provided in the other one of the 
plural dividing passage forming parts, and wherein a 
plurality of the unit cell inside gas passages are pro- 
vided without connecting to each other at least on one 
surface of the gas separator, corresponding to the diy.d- 5 
ing flow passage forming parts. In addition, the reaction 
gas passes sequentially through the plural dividing pas- 
sage forming parts while passing through the passage 
linkage. 

[001 51 According to such fuel separator composed by to 
using the separator for a fuel cell of the invention and 
the fuel cell of the invention, as compared with the case 
ol gas supplied from one gas manifold into all un.t cell 
inskie gas passages formed on the gas separator sur- 
face the flow rate of the gas passing per un.t sectional « 
area of each unit cell inside gas passage increases and 
the flow velocity is faster, and hence the diffusion of gas 
in the passage is improved and the reaction matter in 
the gas more easily reaches the catalyst provided on 
the electrode. Therefore, the reaction matter will be uti- 20 
lized more eff iciently in the electrochemical reaction and 
the gas utility efficiency will be enhanced, so that the 
amount of gas to be supplied into the fuel cell may be 
rcducsd 

[0016] Moreover, as the flow velocity of gas in the unit 25 
cell inside gas passage is faster, in particular, in the 
passage of oxidizing gas containing oxygen, the water 
discharge performance in the passage is proved 
When the electrochemical reaction is promotedin the 
fuel cell, water is produced at the cathode surface to 30 
which oxidizing gas is supplied, and this water ,s vapor- 
ized in the oxidizing gas and is discharged to the out- 
side of the fuel cell. But. if water stays inside the fuel cell 
without being vaporized into oxidizing gas. it may 
Iroede gas diffusion. By accelerating the flow velocity ss 
of oxidizing gas in the unit cell inside gas passage, 
vaporization of water into oxidizing gas is promoted, 
thereby preventing the water from staying to impede gas 

[0O171 On In addition, since the total amount of gas to be « 
supplied into the fuel cell is decreased the hum.drfi ca- 
fe! of the oxidizing gas to be supplied into fte fue cell 
may also be reduced. In the polymer electrolyte fuelcell 
including the water produced at the cathode surface 
mentioned above, part of the moisture held by the e.ec- 45 
trotyte membrane is vaporized in the oxidizing gas and 
discharged to the outside of the fuel cell, and usually, by 
preliminarily humidifying the oxidizing gas to be sup- 
plied into the fuel cell, drying of electrolyte membrane is 
prevented. When the total amount of oxidizing gas to be so 
supplied into the fuel cell is decreased as mentioned 
above, the amount of moisture taken outside of the fuel 
cell by the oxidizing gas is decreased, so hat the 
humidification of the oxidizing gas to be supplied into 
the fuel cell is decreased. As a result, the amount of 55 
energy consumed in humidifying the oxidizing gas is 
curtailed. When reformed gas obtained by steam 
reforming of hydrocarbons is used as the fuel gas to be 



supplied into the fuel cell, no particular structure for 
humidifying the fuel gas is necessary. But. when hydro- 
gen gas is used as the fuel gas, it must be humidified 
before being supplied into the fuel cell. In such a case 
too the total amount of gas to be supplied into the fuel, 
cell is decreased, and the humidifying amount is 
reduced, and the amount of energy consumed in humid- 
ifying the gas can be saved. 

[001 81 Furthermore in any unit cell of a fuel cell includ- 
ing a gas separator according to the invention, the 
region for supplying oxidizing gas or fuel gas is divided, 
and gas is supplied from different gas manifolds in the 
individual regions and. if condensate remains at the 
junction of the gas manifold and unit cell ins.de pas- 
sage supply of gas into the unit cell is not shut off com- 
pletely That is. if condensate stays at the junction and 
supply of gas into specified unit cell is shut off. it is 
hardly possible that all junctions corresponding to plural 
unit cell inside gas passages formed on the same sur- 
face of the gas separator are closed simultaneously, 
thereby preventing a cut-off of the supply of gas to any 
one of the unit cells of the stack structure due to stag- 
nant condensate. . 
[001 91 In the separator of this aspect of the invention, 
the plural unit cell inside passage forming structures 
may be provided on both sides of the separator. 
[0020] In such a constitution, the gas utility rate may 
be enhanced in both the passage of the fuel gas con- 
taining oxygen and the passage of the oxidizing gas. 
[0021] in the separator of this aspect of the invention, 
plural cell inside passage forming structures may be 
arranged in a U-forrn in a plane shape, and U-forms 
may be disposed closely to each other fadng the same 
direction, and two holes coupled by the cell ins.de pas- 
sage forming structures may be disposed closely to 
each other, along the marginal portion of the separator 
[0022] Similarly, in the fuel cell of this aspect of the 
invention, plural cell inside passage forming structures 
formed on the surface of the separator are m the U- 
form. and the individual U-forms are disposed closely to 
each other facing the same direction, and each unrt ceU 
inside passage connects the gas feed manifold and the 
gas exhaust manifold at both ends of the U-forrn and 
the gas feed manifold and the gas exhaust manifold 
may be disposed closely to each other along one sur- 
face of the stack structure. 

[0023] According to such a fuel cell composed Dy 
using the gas separator for a fue. cel. «* «• "JgJ 
and the fuel cell of the invention, the gas feed marntoW 
and gas exhaust manifold for passing the same kind 01 
gas are disposed along one surface of the stac cstruc- 
iure. and since strict gas sealing is not reaped 
between gas manifolds passing the same gas .toe ^ sea. 
structure in the regions for forming the gas 
can be simplified. Besides, by shaping the cell inside 
passage forming structures for forming the unit ceM 
inside gas passages in the U-form. as compared with 
the case of forming linearly and forming holes for gas 
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manifolds at both ends, a wider region on the gas sepa- 
rator surface can be utilized for the unit cell inside gas 
passages, and the gas separator and the fuel cell using 
the same can be reduced in size. 

[0024] The fuel cell of this aspect of the invention may s 
further comprise a refrigerant passage provided inside 
the fuel cell for passing a refrigerant for suppressing the 
inside temperature of the fuel cell by heat exchange, 
and a refrigerant manifold formed in the laminating 
direction of the stack structure for distributing the refrig- w 
erant to the refrigerant passage or collecting the refrig- 
erant passing through the refrigerant passage, in which 
the refrigerant manifold is provided closely to the gas 
feed manifold and the gas exhaust manifold, and is 
located at a position apart from the unit cell inside gas is 
passage, more than the gas feed manifold and the gas 
exhaust manifold. 

[0025] In this constitution, since the refrigerant mani- 
fold is located further from the unit cell inside gas pas- 
sage than the gas feed manifold and the gas exhaust 20 
manifold, the fuel cell is effectively reduced in size in a 
specified direction (in the direction between the sides 
not disposing the gas feed manifold and the gas 
exhaust manifold). 

[0026] In this separator, pluraJ passage forming parts 25 
are provided at both sides of the separator, U-forms are 
disposed in reverse directions each at opposite sides of 
the separator, and two holes coupled by the cell inside 
passage forming structures are disposed at mutually 
confronting marginal portions at one surface and 30 
another of the separator. 

[0027] Similarly, in the fuel cell of this aspect, the plu- 
ral dividing passages are disposed at both sides of the 
separator and are disposed so that their U-forms face 
reverse directions, and the gas feed manifold and gas 35 
exhaust manifold formed on one surface and connected 
to the unit cell inside gas passage are disposed adja- 
cently to each other, along a first surface of the stack 
structure, and moreover the gas feed manifold and gas 
exhaust manifold formed on the other surface and cou- 40 
pled to the unit cell inside gas passages are disposed 
adjacently to each other, along a second surface con- 
fronting the first surface of the stack structure. 
[0028] In a fuel cell having a constitution as described 
above, the gas feed manifold and gas exhaust manifold 45 
for passing the same kind of gas are disposed along 
one surface of the stack structure, and therefore the 
seal structure in the regions for forming the gas mani- 
folds can be simplified. Since a wider region on the gas 
separator surface can be utilized for the unit cell inside so 
gas passages, the gas separator and the fuel cell using 
the same can be reduced in size. Still more, since the 
gas manifold communicating with the unit cell inside gas 
passage formed on one surface of the gas separator 
and the gas manifold communicating with the single cell 55 
inside gas passage formed on the other surface of the 
gas separator are formed along mutually confronting 
sides, the distance between the sides not disposing the 



gas manifolds in the fuel cell can be effectively 
decreased, and the entire fuel cell can be reduced in 

size. 

[0029] In this fuel cell, the reaction gas is an oxidizing 
gas containing oxygen, and in each unit cell inside gas 
passage, the flowing direction of the oxidizing gas pass- 
ing inside is formed to be the same as the working direc- 
tion of gravity. 

[0030] Wrth such a constitution, water discharge per- 
formance is further enhanced in the unit cell inside gas 
passage through which the oxidizing gas passes. That 
is, if the water produced at the cathode surface with the 
progress of the electrochemical reaction in the fuel cell 
is condensed in the unit cell inside gas passage, the 
flow of oxidizing gas in the unit cell inside gas passage 
is directed from above to below, so that the condensate 
is discharged easily by gravity, thereby preventing the 
condensate from staying in the passage to impede 
passing of gas. 

[0031] In this fuel cell, the gas feed manifold may be 
designed to feed the reaction gas simultaneously into all 
unit cell inside gas passages provided in the stack 
structure, and to discharge simultaneously the reaction 
gas discharged from all unit cell inside gas passages 
provided in the stack structure which may then be col- 
lected in the gas exhaust manifold. 
[0032] In such a constitution, the structure of the gas 
manifolds can be simplified. 

[0033] Also in the fuel cell of the aspect, the gas feed 
manifold and gas exhaust manifold may be formed in a 
tubular structure, each having a shielding part inside for 
shutting off the flow of the passing gas, and the tubular 
structure may be designed to invert the function as the 
gas feed manifold and gas exhaust manifold at the 
upstream surface and downstream surface of the gas 
flow at the shielding part. 

[0034] In such a constitution, the gas supplied in the 
stack structure is simultaneously fed into the unit ceil 
inside gas passages provided in the unit cells disposed 
at the upstream surface of flow of the gas from the 
shielding part. The gas discharged from the unit cells 
disposed at the upstream surface is supplied into the 
unit cell inside gas passages provided in the unit cells 
disposed at the downstream surface from the shielding 
part, as the tubular structure functioning as gas exhaust 
manifold at the upstream surface of the shielding part is 
utilized as the gas feed manifold. Therefore, as com- 
pared with the constitution of supplying gas simultane- 
ously into unit cell inside gas passages provided in all 
unit cells composing the stack structure, the amount of 
gas supplied into each unit cell inside gas passage is 
increased, and the flow velocity of gas in the passage is 
accelerated. Thus, the effect of increasing the gas flow 
in the passage can be realized in a simple constitution 
of forming a shielding part in the tubular structure for 
composing the manifold. 

[0035] In this fuel cell, the stack structure may be pro- 
vided in a plurality, and the reaction gas supplied into 
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the fuel cell may be preliminarily divided before being 
supplied into each one of the plural stack structures. 
[0036] Besides, having a plurality of.stack structures, 
the reaction gas supplied in a specified one of the plural 
stack structures may pass through plural dividing pas- 5 
sage forming parts of the other stack structure, in the 
process of passing through plural dividing passage 
forming parts. 

[0037] In such a case, too, since the individual stack 
structures have plural dividing passage forming parts as io 
the passages for passing the gas inside, each stack 
structure has the effect of increasing the flow rate of the 
gas passing through the unit cell inside gas passage as 
mentioned above. Moreover, since the gas supplied into 
the fuel cell sequentially passes through the dividing is 
passage forming pats provided in the plural stack struc- 
tures, as compared with the case of supplying gas into 
individual stack structures after preliminarily dividing the 
gas flow, the number of divisions of the gas flow at the 
upstream surface can be decreased. As a result, the 20 
flow rate of the gas passing through the unit cell inside 
gas passages can be further increased, and the dividing 
precision of gas flow is enhanced. As the dividing preci- 
sion of gas flow is improved, the amount of gas supplied 
into each stack structure is more uniform, and the out- 25 
put in each stack structure can be equalized. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0038] 



30 



Fig. 1 is a perspective exploded view showing a 
constitution of a unit cell which is a basic unit of 
stack structure. 

Fig. 2 A and Fig. 2B are plan views showing a con- 35 
stitution of a separator. 

Fig. 3 is a perspective view showing an appearance 
of a stack structure. 

Fig. 4A and Fig. 4B are explanatory diagrams 
showing a shape of a return plate. <o 
Fig. 5 is a plan view showing a constitution of a sep- 
arator. 

Fig. 6 is a solid explanatory diagram of flow of oxide 
gas in a stack structure. 

Fig. 7 and Fig. 8 are plane explanatory diagrams of 45 
flow of oxidizing gas in a stack structure. 
Fig. 9 A and Fig. 9B are explanatory diagrams 
showing fluctuations of voltage in each unit cell for 
composing a fuel cell. 

Fig. 10A and Fig. 10B are explanatory diagrams so 
showing time-course changes of output voltage by 
gradual changes of amount of oxidizing gas (pres- 
surizing air) to be supplied into a fuel cell. 
Fig. 1 1 is a plane explanatory diagram of constitu- 
tion of a fuel cell so that the gas flow may be same 55 
when passing through an oxidizing gas feed mani- 
fold and a corresponding oxidizing gas exhaust 
manifold. 



Fig. 12A, 12B and Fig. 13 are explanatory diagrams 
showing a shape of a return plane. 
Fig. 13 is an explanatory diagram showing a shape 
of return plate 170. 

Fig. 14 is a flat explanatory diagram of flow of oxi- 
dizing gas in a stack structure. 
Fig. 15 is a plan view showing a constitution of a 
separator. 

Fig. 16 is an explanatory diagram of a shape of a 
return plate. 

Fig. 1 7 is an explanatory diagram showing a consti- 
tution of a fuel cell having four stack structures. 
Fig. 18A and Fig. 18B are plan views showing a 
constitution of a separator. 

Fig. 19 to Fig. 22 are plan views showing a consti- 
tution of a return plate. 

Rg. 23 to Fig. 25 are explanatory diagrams show- 
ing a flow mode of fuel gas in a fuel cell. 
Rg. 26 is a sectional view showing a shape of pas- 
sage of oxidizing gas formed in a feed and dis- 
charge box. 

Rg. 27 is a sectional view showing a shape of pas- 
sage of oxidizing gas formed in a feed and dis- 
charge box. 

Rg. 28 to Fig. 30 are explanatory diagrams show- 
ing a flow mode of oxidizing gas in a fuel cell. 
Rg. 31 is an explanatory diagram showing a consti- 
tution of a fuel cell having two stack structure. 
Rg. 32 is an explanatory diagram showing a consti- 
tution of a separator in a related art. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0039] Referring now to the drawings, preferred 
embodiments of the invention are described below. 
[0040] A fuel cell in a first embodiment of the invention 
is a polymer electrolyte fuel cell, which is formed in a 
stack structure by laminating.pl ural unit cells. Fig. 1 is a 
perspective exploded view showing a constitution of a 
unit cell 20 which is a basic unit of a stack structure 15 
for composing a fuel cell in the first embodiment Fig. 2 
is a plan view showing a constitution of a separator 30 
provided in the fuel cell of the embodiment, and Fig. 3 is 
a perspective view showing an appearance of the stack 
structure 15. 

[0041] As shown in Fig. 1 . the unit cell 20 is composed 
of an electrolyte membrane 31 . an anode 32, a cathode, 
and a separator 30. The cathode is not shown in the 
drawing because the electrolyte membrane 31 is inter- 
posed between the cathode and the anode 32 (that is, it 
is formed at the back surface of 31 in the drawing). 
[0042] Herein, the electrolyte membrane 31 is a solid 
polymer material, for example, a proton conductive ion 
exchange film formed of fluoroplastic, and shows a 
good electric conductivity when wet. In this embodi- 
ment, an Nafion membrane (du Pont) is used. The sur- 
face. of the electrolyte membrane 31 is coated with 
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platinum, or an alloy of platinum and another metal as a 
catalyst. To apply the catalyst, carbon powder carrying 
platinum or an alloy of platinum and another metal was 
prepared, and this carbon powder carrying the catalyst 
was dispersed in a proper organic solvent, and a proper 
amount of electrolyte solution (for example. Nation 
Solution produced by Aldrich Chemical Co.) was added 
to form a paste. This paste was then applied on the 
electrolyte membrane 31 by screen printing. Alterna- 
tively, it is also preferred to form a paste containing car- 
bon powder carrying the catalyst into a sheet, and press 
this sheet onto the electrolyte membrane 31. 
[0043] The anode 32 and cathode are both formed of 
carbon cloth by weaving carbon f toers. In this embodi- 
ment, the anode 32 and the cathode are formed of car- 
bon cloth, but these may also be formed using carbon 
paper or carbon felt composed of carbon fibers. 
[0044] The separator is formed of a gas impermeable 
conductive member, for example, high density carbon 
made gas impermeable by compression. Fig. 2 A and 
Fig. 2B are plan views of the separator 30 from both 
sides (face and back). The separator 30 has ten holes 
near the sides. That is, near a surface of the separator 
30, holes 40, 41. 42 are provided adjacently along this 
side, and near a surface opposite to this side, holes 43. 
44. 45 are provided adjacently. Near a third side, differ- 
ent from these two sides, two adjacent holes 50, 51 are 
provided and, near a surface opposite to this third side, 
similarly adjacent holes 52 and 53 are provided (see 
Fig. 2A). The separator 30 further has groove ribs 
formed parallel to both sides. 

[0045] Herein, at one surface of the separator 30. a rib 
55 for communicating the hole 40 and its confronting 
hole 43, a rib 56 for communicating the hole 41 and its 
confronting hole 44, and a rib 57 for communicating the 
hole 42 and its confronting hole 45 are provided. At the 
other surface of the separator 30, a rib 58 for communi- 
cating the hole 50 and its confronting hole 52, and a rib 
59 for communicating the hole 51 and its confronting 
hole 53 are provided. These ribs are mutually parallel 
groove structures as mentioned above. 
[0046] As shown in Fig. 1, the separator 30 is lami- 
nated together with the electrolyte membrane 31 , anode 
32 and cathode to form a unit cell 20. and further a stack 
structure 1 5 is formed, while the ribs form gas passages 
between the adjacent gas diffusion electrodes. That is, 
the ribs 55 to 57 f luidly connect two confronting holes of 
the holes 40 to 45 form unit cell inside oxidizing gas 
passages together with the surface of the adjacent cath- 
ode, and the ribs 58, 59 fluidly connect two confronting 
holes of the holes 50 to 53 form unit cell inside fuel gas 
passages together with the surface of the adjacent 
anode 32. 

[0047] When the stack structure 15 is assembled by 
laminating unit cells 20, the holes 40 , 44, 42 of each 
separator 30 form oxidizing gas feed manifolds 60, 61. 
62 penetrating through the inside of the stack structure 
15 in its laminating direction. The holes 43. 41, 45 simi- 



larly form oxidizing gas exhaust manifolds 63. 64, 65 
penetrating through the inside of the stack structure 15 
in its laminating direction. Further, the holes 52. 51 sim- 
ilarly form fuel gas feed manifolds 66, 67 penetrating 
5 through the inside of the stack structure in its laminating 
direction, and the holes 50. 53 form fuel gas exhaust 
manifolds 68, 69 respectively (see Fig. 2A). The flow of 
gas in these gas passages formed in the stack structure 
15 is described in detail below (see Fig. 6 and Fig. 7). 
w [0048] When assembling the stack structure 15 hav- 
ing such members, the separator 30. anode 32, electro- 
lyte membrane 31, cathode, and separator 30 are 
joined in this sequence, and a return plate 70 is dis- 
posed at one end of a specified number of unit cells 20 
is being laminated. Further, at both ends, current collec- 
tors 36, 37, insulating plates 38. 39. and end plates 80. 
85 are sequentially disposed, and the stack structure 1 5 
shown in Fig. 3 is completed. 

[0049] Like the separator 30, the return plate 70 is 
20 formed of high density carbon. Fig. 4 is an explanatory 
diagram showing the shape of the return plate 70. Fig. 
4A shows the appearance of the plane, and Fig. 4B 
shows a mode of 4B-4B section in Fig. 4A. As shown in 
Fig. 4, the return plate 70 has recesses 71, 72, 74 and 
25 holes 75. 76. 77, 78 near the sides, and when compos- 
ing the stack structure 15. the return plate 70 is dis- 
posed so that the adjacent separator 30 and the surface 
having the recesses 71, 72. 74 may contact with each 
other. The section of the recess 71 is shown in Fig. 4B. 
30 and the other recesses 72, 74 have a similar structure, 
and they are dent structures prepared by piercing the 
surface of the return plate 70. The holes 75 to 78 are 
holes penetrating through the return plate 70. 
[0050] Herein, the recess 71 of the return plate 70 
35 overlaps oppositely the hole 43 and hole 44 of the adja- 
cent separator 30 when composing the stack structure 
1 5, and communicates between the end of the oxidizing 
gas exhaust manifold 63 and the end of the oxidizing 
gas feed manifold 61. The recess 72 overlaps the hole 
40 41 and hole 42 of the adjacent separator 30 when com- 
posing the stack structure 15, and communicates 
between the end of the oxidizing gas exhaust manifold 
64 and the end of the oxidizing gas feed manifold 62. 
Similarly, the recess 74 overlaps the hole 50 and hole 
45 51 of the adjacent separator 30 when composing the 
stack structure 1 5, and communicates between the end 
of the fuel gas exhaust manifold 68 and the end of the 
fuel gas feed manifold 67. 

[0051] Further, the hole 75 overlaps the hole 40 of the 
so separator 30 to open an end of the oxidizing gas feed 
manifold 60. and the hole 76 overlaps the hole 45 of the 
separator 30 to open an end of the oxidizing gas 
exhaust manifold 65. The hole 77 overlaps the hole 52 
of the separator 30 to open an end of the fuel gas feed 
55 manifold 66, and the hole 78 overlaps the hole 53 of the 
separator 30 to open an end of the fuel gas exhaust 
manifold 69. The other ends of the oxidizing gas feed 
manifolds 60 to 62. oxidizing gas exhaust manifolds 63 
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to 65. fuel gas feed manifolds 66,67, and fuel gas 
exhaust manifolds 68, 69 are closed by the current col- 
lector 37. 

[0052] The current collectors 36, 37 are formed of gas 
impermeable conductive members such as high density s 
carbon and steel plate, the insulting plates 38.39 are 
formed of insulating members such as rubber and resin, 
and the end plates 80. 85 are formed of rigid steel or 
other metal. 

' [0053] The current collectors 36. 37 are respectively io 
provided with output terminals 36A, 37A, and are 
designed to produce the electromotive force generated 
in the fuel cell composed of the stack structure 15. The 
current collector 36, insulating plate 38, and end plate 
80 individually have four holes capable of forming gas is 
passages by overlapping the holes 75 to 78, at positions 
corresponding to the holes 75 to 78 of the return plate 
70. when the stack structure 15 is formed. For example, 
the end plate 80 is provided with holes 81 to 84 corre- 
sponding to each one of the holes 75 to 78 (see Fig. 3). 20 
[0054] When operating the fuel cell composed of the 
stack structure 15, the hole 83 of the end plate 80 and a 
fuel gas feed device not shown in the drawing are con- 
nected, and a hydrogen-rich fuel gas is supplied into the 
fuel cell. Similarly, the hole 81 and an oxidizing gas feed 25 
device not shown in the drawing are connected, and oxi- 
dizing gas containing oxygen (air) is supplied into the 
fuel cell. Herein, the fuel gas feed device and oxidizing 
gas feed device are devices for humidifying and pressu- 
rizing each gas by a specified amount, and supplying 30 
into the fuel cell. Moreover, a fuel gas feed device not 
shown in the drawing is connected to the hole 84. and 
an oxidizing gas discharge device not shown in the 
drawing is connected to the hole 82. 

[0055] The laminating sequence of the members 35 
when composing the stack structure 1 5 is as mentioned 
above, and in the periphery of the electrolyte membrane 
31 , a specified seal member is provided in a region con- 
tacting with the separator 30. This seal member serves 
to prevent leak of fuel gas and oxide gas from each unit 40 
ceil, and prevent mixing of fuel gas and oxidizing gas in 
the stack structure 1 5. 

[0056] The stack structure 15 composed of such 
members is held in a state of a specified pressing force 
applied in its laminating direction, and the fuel cell is 45 
completed. The structure for pressing the stack struc- 
ture 15 is omitted in the drawing. In order to hold the 
stack structure 1 5 while pressing, the stack structure 1 5 
may be tightened by using bolts and nuts, or a stack 
accommodating member in a specified shape may be so 
prepared, and the stack structure 15 may be contained 
in this stack accommodating member, and both ends of 
the stack accommodating member may be folded to 
apply a pressing force on the stack structure 1 5. 
[0057] In the above explanation, the separator 30 and ss 
the return plate 70 are formed of gas impermeable high 
density carbon obtained by compressing carbon, but 
they may be also formed of different materials. For 
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example, they may be formed of sinter carbon or metal 
member. When forming of metal member, it is preferred 
to select a metal having a sufficient corrosion resist- 
ance. Or the surface of metal member may be coated 
with a material having a sufficient conrosion resistance. 
[0058] Although not shown in Fig. 2, the separator 30 
in the embodiment also has a hole for forming a cooling 
water manifold for passing cooling water, in addition to 
the holes 40 to 45 for forming gas manifolds for passing 
oxidizing gas, and holes 50 to 53 for forming gas mani- 
folds for passing fuel gas. In the electrochemical reac- 
tion promoted in the fuel cell, the chemical energy in the 
fuel supplied in the fuel cell is converted into an electric 
energy, but this conversion is not perfect, but the resid- 
ual energy not converted into electric energy is released 
as heat. Thus, the fuel cell continues heat generation 
along with power generation. Accordingly, in order to 
keep the operating temperature of the fuel cell in a 
desired range, usually, a passage for cooling water is 
provided in the fuel cell, and cooling water is circulated 
in the fuel cell to get rid of excess heat 
[0059] When composing such stack structure 1 5. the 
hole for forming the cooling manifold provided in the 
separator 30 penetrates through the stack structure 15. 
and supplies and discharges cooling water in the cool- 
ing water passage between unit cells as mentioned 
below. In every specified number of laminated unit cells, 
instead of the ordinary separator 30. a cooling water 
passage separator (not shown) for forming a corrugated 
structure serving as a cooling water passage on the sur- 
face is provided. The corrugated structure formed on 
this cooling water passage separator constitutes a cool- 
ing water passage between unit cells between the cool- 
ing water passage separator and the adjacent member. 
This cooling water passage in the stack disposed in 
every specified number of unit cells receives supply and 
discharge of cooling water from the cooling water mani- 
fold formed in the hole mentioned above, and this cool- 
ing water removes excess heat generated by heat 
generation from the fuel cell. 

[0060] In thus constituted fuel cell, the flow of fuel gas 
and oxidizing gas is described below. First, the oxidizing 
gas is explained. Fig. 6 is a solid explanatory diagram 
showing the flow of oxidizing gas in the stack structure 
1 5, and Fig. 7 is a plane explanatory diagram showing 
the flow of the same oxidizing gas. As mentioned above, 
the oxidizing gas (pressuring air) supplied from the oxi- 
dizing gas feed device connected to the hole 81 pro- 
vided in the end plate 80 is introduced into the oxidizing 
gas feed manifold 60 through the hole provided in the 
position corresponding to the insulating plate 38 and 
current collector 36, and the hole 75 provided in the 
return plate 70. The oxidizing gas passing in the oxidiz- 
ing gas feed manifold 60 is introduced into the gas pas- 
sage (unit cell inside oxidizing gas passage) formed 
between the rib 55 in each separator 30 and the adja- 
cent cathode in each unit eel! 20. The introduced oxidiz- 
ing gas is presented for electrochemical reaction, but 
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the residua! oxidizing gas not spent in reaction is dis- 
charged into the oxidizing gas exhaust manifold 63 
formed in the hole 43 provided in the separator 30. In 
the oxidizing gas exhaust manifold 63, while the oxidiz- 
ing gas is passing in the reverse direction in the oxidiz- 5 
ing gas feed manifold 60. it is merged with the oxidizing 
gas discharged from the unit cell inside oxidizing gas 
passage formed in each unit cell. 
[0061] Such oxidizing gas, when reaching the return 
plate 70 at the end of the stack structure 15, is further w 
guided into the oxidizing gas feed manifold 61 through 
the recess 71 . The oxidizing gas guided into the oxidiz- 
ing gas feed manifold 61 passes through the oxidizing 
gas feed manifold 61, and is distributed into individual 
unit cell inside oxidizing gas passages formed between is 
the rib 56 of each separator 30 and the adjacent cath- 
ode, and is presented for electrochemical reaction while 
passing through the unit cell inside oxidizing gas pas- 
sages. The oxidizing gas thus passing through the unit 
cell inside oxidizing gas passage is discharged into the 20 
oxidizing gas exhaust manifold 64, and is merged while 
flowing in the reverse direction in the oxidizing gas feed 
manifold 61, and reaches again the return plate 70. 
[0062] In the return plate 70, the oxidizing gas is led 
into the recess 72, and is introduced into the oxidizing 25 
gas feed manifold 62. Similarly in the oxidizing gas feed 
manifold 62, the oxidizing gas passes through the oxi- 
dizing gas feed manifold 62, and is distributed into each 
unit cell inside oxidizing gas passage formed between 
the rib 57 in each separator 30 and the adjacent cath- 30 
ode, and is presented for electrochemical reaction while 
passing through the unit cell inside oxidizing gas pas- 
sage. The oxidizing gas thus passing through the unit 
cell inside oxidizing gas passage is discharged into the 
oxidizing gas exhaust manifold 65, and is merged, and 35 
flows in the reverse direction in the oxidizing gas feed 
manifold 62, and reaches again the return plate 70. 
Reaching the return plate 70, the oxidizing gas is dis- 
charged into the oxidizing gas discharge device con- 
nected to the hole 82, through the hole 76 in the return 40 
plate 70. the hole provided at the position correspond- 
ing to the current collector 36 and insulating plate 38, 
and the hole 82 provided in the end plate 80. 
[0063] So far is explained the flow of oxidizing gas in 
the stack structure 15, and the flow of fuel gas in the 45 
stack structure 15 is similar. Fig. 8 is a plane explana- 
tory diagram showing the flow of the fuel gas in the 
stack structure 15. As mentioned above, the fuel gas 
supplied from the fuel gas feed device connected to the 
hole 83 provided in the end plate 80 is introduced into so 
the fuel gas feed manifold 66 through the hole provided 
in the position corresponding to the insulating plate 38 
and current collector 36, and the hole 77 provided in the 
return plate 70. The fuel gas passing in the fuel gas feed 
manifold 66 is introduced into the gas passage (unit cell ss 
inside fuel gas passage) formed between the rib 58 in 
each separator 30 and the adjacent anode 32 in each 
unit cell 20. The introduced fuel gas is presented for 



electrochemical reaction, but the residual fuel gas not 
spent in reaction is discharged into the fuel gas exhaust 
manifold 68 through the hole 50 provided in the separa- 
tor 30. In the fuel gas exhaust manifold 68. while the fuel 
gas is passing in the reverse direction in the fuel gas 
feed manifold 68. it is merged with the fuel gas dis- 
charged from the unit cell inside fuel gas passage 
formed in each unit cell. 

[0064] Such fuel gas, when reaching the return plate 
70 at the end of the stack structure 15. is further guided 
into the fuel gas feed manifold 67 through the recess 74. 
The fuel gas guided into the fuel gas feed manifold 67 
passes through the fuel gas feed manifold 67. and is 
distributed into individual unit cell inside fuel gas pas- 
sages formed between the rib 59 of each separator 30 
and the adjacent anode 32. and is presented for electro- 
chemical reaction while passing through the unit cell 
inside y fuel gas passages. The fuel gas thus passing 
through the unit cell inside fuel gas passage is dis- 
charged into the fuel gas exhaust manifold 69. and is 
merged while flowing in the reverse direction in the fuel 
gas feed manifold 67. and reaches again the return 
plate 70. Reaching the return plate 70, the fuel gas is 
discharged into the fuel gas discharge device con- 
nected to the hole 84, through the hole 78 in the return 
plate 70. the hole provided at the position correspond- 
ing to the current collector 36 and insulating plate 38, 
and the hole 84 provided in the end plate 80. 
[0065] According to thus constituted fuel cell of the 
embodiment, on the surface of each separator 30, the 
region forming the passages of oxidizing gas and fuel 
gas is divided into three and two sections, respectively 
and corresponding to each one of the divided regions, 
the gas feed manifold and gas exhaust manifold are pro- 
vided independently, and therefore if the gas flow rate 
supplied in the entire fuel cell is the same, as compared 
with the constitution not dividing the region for forming 
the passages, the gas flow rate per unit sectional area 
in the unit cell inside gas passage is increased, and the 
gas flow velocity can be raised. For example, in the sep- 
arator 30. if the ribs 55, 56. 57 divide the region capable 
of forming the unit cell inside oxidizing gas passages 
into three equal sections respectively, if the flow rate of 
oxidizing gas to be supplied from the oxidizing gas feed 
device into the fuel cell, and the total area of forming the 
ribs on the separator surface are the same, as com- 
pared with the case of using the separator 130 in the 
related art shown in Fig. 32. the flow rate of the oxidizing 
gas passing through the unit cell inside oxidizing gas 
passage is three times as much. 
[0066] Therefore, by dividing the gas passage forming 
region, the gas is agitated and diffused sufficiently in the 
gas passage. As a result, the contact between the cata- 
lyst provided in the electrode and the electrode active 
material is improved, and the electrode active material 
in the gas is smoothly utilized in electrochemical reac- 
tion, so that the gas utility rate may be enhanced. As the 
gas utility rate is enhanced, if the total volume of gas 
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supplied into the fuel cell from the fuel gas feed device 
or oxidizing gas feed device is decreased, the electro- 
chemical reaction can be promoted sufficiently. There- 
fore, as for the fuel gas, the consumption of the fuel is 
suppressed. In particular, it is effective when using 5 
reformed gas obtained by steam reformation of hydro- 
carbon as the fuel gas. The reformed gas contains 
many components, aside from hydrogen, not contribut- 
ing to electrochemical reaction. Hence, in order to pro- 
mote the electrochemical reaction sufficiently, as 10 
compared with the case of using hydrogen gas as fuel 
gas, it is required to supply a larger amount of reformed 
gas as fuel gas. However, when the gas utility rate is 
improved by the constitution of the embodiment, the fuel 
consumption can be saved while suppressing the 15 
amount of reformed gas supplied into the fuel cell. 
[0067] Moreover, since the total amount of gas to be 
supplied into the fuel gas can be suppressed, as for oxi- 
dizing gas, when supplying oxidizing gas into the fuel 
cell, the amount of energy consumed for pressurizing 20 
the oxidizing gas is suppressed, and the energy effi- 
ciency of the entire system having the fuel cell can be 
kept in a high state. In the constitution of the aforemen- 
tioned related art in the serpentine structure of the 
shape of the gas passage formed in the separator sur- 25 
face in order to increase the gas flow rate passing 
through the unit cell inside gas passage, it is required to 
fold the shape of the unit cell inside gas passage. 
Accordingly, the pressure loss is large when the gas 
passes through the gas passage, and although the total 30, 
amount of gas supplied in the fuel cell is'not increased, 
the amount of energy consumed for pressurizing more 
the gas supplied into the fuel cell is increased. By con- 
trast, in the constitution of the embodiment, it is not nec- 
essary to fold the unit cell inside gas passage, there is 35 
no such problem as the increase in pressure loss. . 
[0068] By accelerating the flow velocity of the gas 
passing through the gas passage, it is effective to 
enhance the water discharge performance in the fuel 
cell. Herein, the problem of water produced in the fuel 40 
cell is described. When the fuel cell promotes electro- 
chemical reaction by receiving supply of fuel gas con- 
taining hydrogen and oxidizing gas containing oxygen, 
water is produced. The electrochemical reaction pro- 
moted in the fuel cell is shown in the following formulas. 45 

H 2 0->2H + + 2e- (1) 

1/2 0 2 + 2H* + 2e- -> H 2 0 (2) 

. 50 

H 2 + 1/20 2 "> H 2 0 (3) 

[0069] Formula (1) shows the reaction taking place at 
the anode side, and formula (2) relates to the reaction at 
the cathode side, and on the whole the reaction 55 
expressed in formula (3) proceeds. As shown in formula 
(2), along with the progress of electrochemical reaction, 
water is produced at the cathode side, but this water is 



usually vaporized in the oxidizing gas, and is discharged 
together with the oxidizing gas. At this time, if too much 
water is produced, it cannot be sufficiently vaporized, 
but stays in the gas diffusion electrode, and may impede 
gas diffusion near the catalyst on the electrolyte mem- 
brane. In the fuel cell having the separator 30 of the 
embodiment, since the flow velocity of the oxidizing gas 
passing through the unit celt inside gas passage is 
accelerated as mentioned above, the water produced at 
the cathode surface is efficiently vaporized into the oxi- 
dizing gas and discharged, thereby preventing the pro- 
duced water from staying in the fuel cell to impede the 
gas diffusion. 

[0070] Moreover, by decreasing the total amount of 
gas supplied into the fuel cell, the humidifying amount of 
the oxidizing gas to be supplied into the fuel cell is 
decreased. As stated above, the water produced at the 
cathode surface is vaporized into the oxidizing gas. At 
this time, part of the moisture held by the electrolyte 
membrane is vaporized into the oxidizing gas, and dis- 
charged outside of the fuel cell. To progress the electro- 
chemical reaction sufficiently in the fuel cell, usually, the 
oxidizing gas containing oxygen more than the theoreti- 
cally required oxygen quantity is supplied into the fuel 
cell, but as the amount of oxidizing gas supplied into the 
fuel cell increases, the moisture taken out of the fuel cell 
by the oxidizing gas increases, and hitherto drying of 
electrolyte membrane was prevented by preliminarily 
humidifying the oxidizing gas to be supplied into the fuel 
cell. By contrast, in the fuel cell having the separator 30 
of the embodiment, since the total amount of gas sup- 
plied into the fuel cell can be decreased, and the mois- 
ture taken out of the fuel cell by the oxidizing gas is 
decreased, and the humidifying amount of oxidizing gas 
to be supplied into the fuel cell is decreased. Besides, 
by decreasing the humidifying amount, the energy 
required for humidifying can be saved. The moisture 
removed by the oxidizing gas from the electrolyte mem- 
brane varies with the operating temperature of the fuel 
cell or pressure or flow velocity of oxidizing gas. but rf 
the electrolyte membrane is maintained in a sufficiently 
wet state without humidifying the fuel cell, the structure 
for humidifying the oxidizing gas is not needed. At the 
anode side, the proton produced in the reaction of for- 
mula (1) moves in the electrolyte membrane in a state 
hydrated with water molecules, and therefore if hydro- 
gen gas is used as the fuel gas, it is necessary to 
humidify prior to supply into the fuel cell, but according 
to the embodiment, since the fuel gas amount supplied 
to the fuel cell is suppressed, the humidifying amount of 
the fuel gas is saved. 

[0071 ] Herein, by decreasing the total amount of gas 
supplied to the fuel cell and saving the moisture 
removed from the electrolyte membrane by the gas. the 
operating temperature of the fuel cell can be set higher. 
That is, even at high temperature of high saturated 
vapor pressure, the fuel cell can be operated without 
drying the electrolyte membrane too much. Moreover, 
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by setting the operating temperature of the fuel cell 
higher, the electrochemical reaction can be activated 
further. Still more, by setting the operating temperature 
of the fuel cell higher, in particular, when the reformed 
gas is used as the fuel gas, poisoning of the catalyst on 5 
the electrolyte membrane by carbon monoxide in the 
reformed gas can be suppressed, and the cell perform- 
ance may be further enhanced. When producing hydro- 
gen-rich reformed gas by steam reforming of 
hydrocarbon, traces of carbon monoxide may be pro- 10 
duced. Such carbon monoxide is adsorbed on the cata- 
lyst on the electrolyte membrane, and may lower the 
catalyst performance. The degree of poisoning by car- 
bon monoxide depends on the temperature, and the 
effect of poisoning may be suppressed by setting the 15 
operating temperature of the fuel cell higher. 
[0072] In the fuel cell having the separator 30 of the 
embodiment, in an arbitrary unit cell 20, the region of 
supplying oxidizing gas or fuel gas (the region of form- 
ing the unit cell inside gas passage) is divided, and gas 20 
feed manifold and gas exhaust manifold are independ- 
ently provided in each divided region, and therefore if 
produced water stays at the junction of a specific mani- 
fold and specific unit cell inside passage, supply of gas 
to this unit cell is not completely cut off, and the power 25 
generation efficiency is not lowered in the entire unit 
cells. As mentioned above, when the electrochemical 
reaction is progress in the fuel cell, water is produced at 
the cathode side, and the water is vaporized into the oxi- 
dizing gas and is discharged, but in the region of a rela- 30 
tively low temperature distribution state in the fuel cell, if 
the steam exists more than the steam amount corre- 
sponding to the saturated vapor pressure, the produced 
water may condense. In the event of such condensation 
of the produced water, if the condensate stays in the 35 
junction of the manifold and unit cell inside passage, 
supply of gas to this unit cell inside passage is cut off. 
As in the separator 130 shown in Fig. 32, when the 
manifold for supplying gas into the unit cell inside gas 
passage formed on the separator is available at one 40 
position only, if the junction is closed by the produced 
water, supply of gas into the unit cell corresponding to 
this junction is completely cut off. By contrast, in the fuel 
cell having the separator 30 of the embodiment, three 
manifolds are provided independently to supply oxidiz- as 
ing gas into the unit cell inside gas passage formed on 
the separator. Since the possibility of simultaneous clo- 
sure of all three manifolds is very low, it is possible to 
prevent complete stop of supply of oxidizing gas to any 
unit cell having the stack structure due to produced so 
water. 

[0073] Furthermore, since the region forming the unit 
cell inside gas passages is divided, the amount of gas 
supplied into individual unit cells 20 composing the 
stack structure 15 is equalized in the entire fuel cell. 55 
Usually, the amount of gas distributed from the gas feed 
manifolds into individual unit cell inside gas passages 
varies in each unit cell. Moreover, the distribution of gas 
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flow rate fluctuates in the unit cell inside gas passages 
in each unit cell. That is, in the fuel cell composed by 
using the separator 1 30 as shown in Fig. 32, since the 
gas is supplied at once into a wide region, the gas flow 
rate is hardly uniform in the entire unit cell inside gas 
passages formed by the ribs 155. In particular, regions 
of low gas flow rate tend to be formed at both ends of 
the ribs 155 (the ribs near the right end surface (150 
side) in the drawing and near the left end surface (152 
side) in the drawing). Thus, since Jhe gas flow rate fluc- 
tuates within the unit cell inside gas passage or in each 
unit cell inside gas passage, in order to promote the 
electrochemical reaction sufficiently aJso in the region 
corresponding to passages of low gas flow rate, usually, 
the amount of gas to be supplied to the entire fuel cell 
was set in an excessive quantity to keep sufficiently the 
amount of gas supplied to the individual unit cell inside 
gas passages. 

[0074] In the fuel cell of the embodiment, since the 
region for forming the unit cell \ns\6e gas passages is 
divided, although the gas flow rate fluctuates in the indi- 
vidual divided regions (in the unit cell inside gas pas- 
sages formed by plural ribs on the same surface of the 
separator 30. for example, 55. 56, 57 in Fig. 2A), effects 
of fluctuations of gas flow rate may be reduced in the 
entire unit cell inside gas passages formed on a speci- 
fied surface. That is, fluctuations of gas flow rate in the 
individual divided regions occur independently, and gas 
is supplied into individual regions independently, and 
therefore it is hardly possible that the gas ftow rate is low 
,a$ compared with other unit cell inside gas passages in 
all of the individual divided regions. That is, the risk of 
extremely low gas flow rate in a unit cell gas passage in 
a specific unit cell is very low. Therefore, in the individ- 
ual unit cell inside gas passages, the regions decreased 
in gas flow rate can be further reduced. Thus, since the 
fluctuations of flow rate of gas passing through the unit 
cell inside gas passages are decreased and a sufficient 
gas flow rate is maintained, it is not necessary to supply 
an excessive gas to the fuel cell in order to promote suf- 
ficiently the electrochemical reaction in the regions 
decreased in gas flow rate due to fluctuations of gas 
flow rate, and the gas consumption is suppressed, and 
the amount of energy spent for supplying gas into the 
fuel cell can be saved. 

[0075] The electrode active material contained in the 
gas supplied in the fuel cell is spent in the electrochem- 
ical reaction in the process of passing through the fuel 
cell, and is gradually lowered in concentration, but in the 
fuel cell of the embodiment, the gas passages having 
the divided unit cell inside gas passages are connected 
sequentially, so that gas low in concentration of elec- 
trode active material is not supplied into a specific unit 
cell alone. Herein, instead of dividing the region for 
forming the unit cell inside gas passage, the stack struc- 
ture for composing the fuel cell may be divided into a 
plurality of units, and the divided stack structures may 
be connected in series, so that the amount of gas pass- 
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ing through the unit cell inside gas passage may be 
increased in the condition of constant gas amount sup- 
plied to the fuel cell. In this case, however, the power 
generation efficiency may differ in the individual divided 
unit cells. That is, instead of forming the stack structure 
by laminating 100 unit cells, when each of two stack 
structures laminating 50 unit cells is connected in 
series, the specified amount of gas supplied into the fuel 
cell is divided into 50. instead of 100. and is supplied 
into the individual unit cell inside gas passages, and 
hence it is effective to increase the gas flow rate and 
enhance the gas utility rate. However, the downstream 
surface stack structure is lower in the concentration of 
electrode active material in the supplied gas as com- 
pared with the upstream side, and is smaller in the 
entire gas amount, and therefore the voltage is lower in 
the downstream surface stack structure as compared 
with the upstream surface and hence the performance 
may fluctuate. It is hard to improve the fluctuation in per- 
formance between the upstream stack structure and 
downstream stack structure if the number of unit cells of 
the upstream stack structure is increased as compared 
with the downstream side. In the fuel cell of the embod- 
iment, gas of low concentration of electrode active 
material is not supplied or the gas flow rate is not low- 
ered in a specific unit cell, and therefore the cell per- 
formance is not partially lowered and varied. 
[0076] The following examples have actually proved 
the effects obtained by the constitution of the fuel cell in 
this embodiment in which the region for forming the unit 
cell inside gas passages is divided into a plurality of 
regions in each unit cell, and gas manifolds are pro- 
vided independently to supply gas into each region. 
[0077] Rg. 9A and Fig. 9B are explanatory diagrams 
showing fluctuations of voltage in individual unit cells for 
composing the fuel cell in which the output current den- 
sity from the fuel cell is constant. Fig. 9 A shows voltage 
fluctuations in the fuel cell composed by using the sep- 
arator 30 of the embodiment, and Fig. 9B shows voltage 
fluctuations in the fuel cell composed by using the sep- 
arator 130 shown in Fig. 32. In the diagram, the left sur- 
face (inlet side) is the connection surface with the gas 
feed device, and unit cell voltages are shown sequen- 
tially to the right side, along the unit cell laminating 
direction. 

[0078] As shown in Fig. 9A. according to the fuel cell 
using the separator 30 of the embodiment, a stable volt- 
age is obtained in each unit cell in the entire fuel cell.. 
Fig. 9A shows the result of operating the fuel eel! at 
75°C, and Fig. 9B shows the result of operating the fuel 
cell at 67°C. Thus, in the fuel cell using the separator 30 
of the embodiment, if the operating temperature is 
raised, the cell performance is not lowered due to drying 
of electrolyte membrane. 

[0079] Fig. 10A and Fig. 10B show time-course 
changes of output voltage in each unit cell for compos- 
ing the fuel cell, by varying the amount of oxidizing gas 
(pressurizing air) to be supplied in the fuel cell in which 



the output current density from the fuel cell is constant. 
Fig. 10A shows voltage changes in the fuel cell com- 
posed by using the. separator 30 of the embodiment, 
and Fig. 10B shows voltage changes in the fuel cell 

5 composed by using the separator 1 30 shown in Fig. 32. 
Upon start of measurement, the air containing a double 
amount of oxygen of the theoretically required oxygen 
amount (shown S:2 in the diagram) was supplied on the 
gas is of the output current density from the fuel cell. 

,o and after a specified time, the oxygen amount in the oxi- 
dizing gas supplied in the fuel cell was decreased to 1.5 
times the theoretical amount (S:1.5). and after a further 
specified time, the oxygen amount in the oxidizing gas 
supplied in the fuel cell was further decreased to 1.25 

T5 times the theoretical amount. 

[0080] As shown in Fig. 10A, according to the fuel cell 
using the separator 30 of the embodiment, the output 
voltage from each unit cell composing the fuel cell was 
stable even rf the oxygen amount in the oxidizing gas 

20 supplied in the fuel cell was changed from 2 times the 
theoretically required amount to 1 .25 times. By contrast, 
in the fuel cell using the separator 130 shown in Fig. 32. 
if the oxygen amount in the oxidizing gas supplied in the 
fuel cell is twice the theoretically required amount, the 

25 output voltages of unit cells composing the fuel cell fluc- 
tuated largely, and if the oxygen amount was decreased 
to 1.5 times theoretical amount, the voltage dropped 
suddenly due to drying of electrolyte membrane, and 
power generation could not be continued. 

30 [0081] Thus, by composing the fuel cell by using the 
separator 30 of the embodiment, it is possible to curtail 
substantially the oxygen amount in the oxidizing gas 
supplied in the fuel cell, that is. the amount of oxidizing 
gas to be supplied into the fuel cell. In the fuel cell using 

35 the separator 130 shown in Fig. 32. in order to stabilize 
the output voltage in the unit cells composing the fuel 
cell, the oxygen amount in the oxidizing gas supplied in 
the fuel cell must be increased to 4 to 5 times of the the- 
oretically required oxygen amount. Fig. 10A shows the 

40 result of operating the fuel cell having the separator 30 
at 75°C. and Fig. 10B shows the result of operating the 
fuel cell having the separator 130 at 67°C. Thus, in the 
fuel cell using the separator 30 of the embodiment, if the 
operating temperature is set higher and the oxygen 

45 amount in the oxidizing gas supplied in the fuel cell, that 
is, the flow rate of oxidizing gas being supplied is 
decreased, a stable output voltage is obtained from the 
unit cells. 

[0082] In the separator 30, in an arbitrary unit cell 20, 
so the region for forming the unit cell inside gas passage is 
divided into three sections, and the region for forming 
the unit cell inside fuel gas passage is divided into two 
sections, but not limited to this, it may be divided into a 
different number of sections. The region for forming the 
55 unit cell inside gas passage may be divided into plural 
sections, and manifolds for feeding and discharging gas 
may be individually provided in the divided regions. By 
accelerating the flow velocity of the gas passing through 
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the unit cell inside gas passage, the electrode active 
material in the gas may easily reach the catalyst on the 
electrolyte membrane, so that the same effects may be 
obtained. Herein, by increasing the number of divisions 
of the region for forming the unit cell inside passage, the 5 
flow velocity of the gas passing through the unit cell 
inside passage may be faster, but as the number of divi- 
sions is increased, the pressure loss increases when 
the gas passes through the passage. If the pressure 
loss increases when the gas passes through the pas- 10 
sage, in order to maintain a specified amount of gas to 
be supplied in the fuel cell, it is necessary to increase 
the amount of energy consumed for pressurizing the 
gas to be supplied to the fuel cell. Therefore, consider- 
ing the effect by increasing the number of divisions of 15 
the region for forming the unit cell inside passage, and 
the increment of the energy amount consumed for pres- 
surizing the gas to be supplied into the fuel cell, it is 
desired to set the number of divisions so that the entire 
energy efficiency may not be lowered. In Fig. 1 and Fig. 20 
2, the region for forming the unit cell inside passage is 
divided equally into two or three sections, but it may also 
be divided into different areas. 

[0083] In the separator 30. the ribs 55 to 59 are 
grooves formed in parallel, but they may also be formed 25 
in different shapes. For example, Fig. 5 shows a consti- 
tution of one surface of separator 30A which is a modi- 
fied example of the separator 30. Herein, the separator 
30A has a structure common to the separator 30 except 
for the shape of the structure corresponding to ribs 55 to 30 
57, and common components are identified with same 
reference numerals. The separator 30A is provided with 
corrugated parts 55A, 56A, 57A as the structure for con- 
necting the mutually confronting holes. In these corru- 
gated parts 55A to 57A, convex parts of square section 35 
are disposed longitudinally and laterally on concave 
parts formed by communicating the mutually confront- 
ing holes. Besides, as the corrugated structure for com- 
municating mutually confronting holes, when the stack 
structure is formed, unit cell inside gas passages for 40 
allowing the gas to pass toward the confronting holes 
from the specified holes may be formed between adja- 
cent gas diffusion layers. 

[0084] In the embodiment, as shown in Fig. 6 to Fig. 
8, between the specified oxide (fuel) gas feed manifold 45 
and the corresponding oxide (fuel) gas exhaust mani- 
fold, the gas flow directions passing inside are mutually 
opposite, but the flow direction may be designed to be 
same in all manifolds. Such constitution is shown below. 
Fig. 1 1 is a plane explanatory diagram showing flow of so 
oxidizing gas when a stack structure 1 15 is formed, by 
using the separator 30, so that the flow of gas passing 
inside may be identical in the oxide (fuel) gas feed man- 
ifold and the corresponding oxide (fuel) gas exhaust 
manifold. 55 
[0085] The stack structure 1 15 is similar to the stack 
structure 1 5 in the first embodiment except for the return 
plate, and common members are identified with same 



reference numerals, and detailed description is omitted. 
In the stack structure 115. a return plate 90 is disposed 
at one end. and a return plate 95 at other end. Plan 
views of these return plates 90.95 are shown in Fig. 12A 
and Rg. 12B. Fig. 12A shows the return plate 90, and 
Fig. 12B shows the return plate 95. 
[0086] The oxidizing gas supplied from the oxidizing 
gas supply device provided outside the fuel cell is intro- 
duced into the stack structure 115 through a hole 75 
provided in the return plate 90. This oxidizing gas 
passes through an oxidizing gas feed manifold 60 
formed by the hole 40 in the separator 30. and is distrib- 
uted into individual unit cell inside oxidizing gas pas- 
sages formed by the ribs 55 of the separator 30. The 
oxidizing gas discharged from the unit cell inside oxidiz- 
ing gas passages is merged in an oxidizing gas exhaust 
manifold 63 formed by the hole 43. and flows in the 
same direction as the oxidizing gas feed manifold 60, 
and reaches the return plate 95. 
[0087] The return plate 95 has a recess 171 for con- 
necting the end of the oxidizing gas exhaust manifold 63 
and the end of the oxidizing gas feed manifold 61 
formed by the hole 44, and the oxidizing gas is fed into 
the oxidizing gas feed manifold 61. This oxidizing gas 
passes through the oxidizing gas feed manifold 61 
toward the return plate 90. and is distributed into the 
individual unit cell inside oxidizing gas passages formed 
by the ribs 56 of each separator 30. The oxidizing gas 
discharged from the unit cell inside oxidizing gas pas- 
sages is merged in an oxidizing gas exhaust manifold 

64 formed by the hole 41 , and flows in the same direc- 
tion as the oxidizing gas feed manifold 61. and reaches 
the return plate 90. 

[0088] The return plate 90 has a recess 72 for con- 
necting the end of the oxidizing gas exhaust manifold 64 
and the end of the oxidizing gas feed manifold 62 
formed by the hole 42, and the oxidizing gas is fed into 
the oxidizing gas feed manifold 62. This oxidizing gas 
passes through the oxidizing gas feed manifold 62 
toward the return plate 95, and is distributed into the 
individual unit cell inside oxidizing gas passages formed 
by the ribs 57 of each separator 30. The oxidizing gas 
discharged from the unit cell inside oxidizing gas pas- 
sages is merged in an oxidizing gas exhaust manifold 

65 formed by the hole 45, and flows in the same direc- 
tion as the oxidizing gas feed manifold 62. and reaches 
the return plate 95. In the return plate 95, at the position 
corresponding to the hole 45 of the separator 30, a hole 
176 is provided to connect to an outside oxidizing gas 
discharge side, and the oxidizing gas is discharged from 
this hole 176. 

[0089] Thus, if the gas flow direction is designed to be 
the same in the oxidizing gas feed manifold and the cor- 
responding oxidizing gas exhaust manifold, the same 
effects as in the first embodiment are obtained. In the 
foregoing embodiment, the flow direction of the oxidiz- 
ing gas in the unit cell inside gas passage is alternately 
changed over between the downward direction and 
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upward direction, but it is also preferred to compose to 
flow always in the downward direction. Such constitu- 
tion is shown below as a second embodiment. 
[0090] The fuel cell of the second embodiment is com- 
posed by using the same separator 30 as in the forego- 
ing embodiment, and a return plate 170 is disposed at 
one end of the return plate 170. In this stack structure 
15. like the one in the first embodiment, the direction is 
opposite when the oxidizing gas passes between the 
oxidizing gas feed manifold and the corresponding oxi- 
dizing gas exhaust manifold. Fig. 13 is an explanatory 
diagram showing the return plate 1 70 as seen from the 
surface contacting with the laminated unit cells. Herein, 
the members common with the return plate 70 in the 
first embodiment are designated as the same reference 
numerals. 

[0091] The fuel cell in the second embodiment, like 
the first embodiment, receives supply of oxidizing gas 
from the oxidizing gas feed device through the hole 75 
in the return plate 170. This oxidizing gas is supplied 
from the oxidizing gas feed manifold formed by the hole 

40 in the separator 30, and is distributed into the individ- 
ual unit cell inside oxidizing gas passages formed by the 
ribs 55. and is merged in an oxidizing gas exhaust man- 
ifold famed by the hole 43 in the separator 30. and 
returns to the return plate 1 70. The return plate 170 has 
a recess 271 to communicate between the hole 43 and 
hole 41 of the separator 30, and the oxidizing gas is led 
into an oxidizing gas feed manifold formed by the hole 

41 in the separator 30. 

[0092] This oxidizing gas is supplied from the oxidizing 
gas feed manifold formed by the hole 41 , and is distrib- 
uted into the individual unit cell inside oxidizing gas pas- 
sages formed by the ribs 56. and is merged in an 
oxidizing gas exhaust manifold formed by the hole 44 in 
the separator 30, and returns to the return plate 170. 
The return plate 170 has a recess 272 to communicate 
between the hole 44 and hole 42 of the separator 30. 
and the oxidizing gas is introduced into an oxidizing gas 
feed manifold formed by the hole 42 in the separator 30. 
[0093] This oxidizing gas is supplied from the oxidizing 
gas feed manifold formed by the hole 42. and is distrib- 
uted into the individual unit cell inside oxidizing gas pas- 
sages formed by the ribs 57, and is merged in an 
oxidizing gas exhaust manifold formed by the hole 45 in 
the separator 30, and returns to the return plate 170. 
The return plate 1 70 has a hole 76 at a position corre- 
sponding to the hole 45. and the oxidizing gas is dis- 
charged into an outside oxidizing gas discharge device 
through this hole 76. 

[0094] Thus, in the fuel cell of the second embodi- 
ment, the manifold formed by the holes 40. 41. 42 
formed at the upper surface in the separator 30 dis- 
posed therein is the manifold at the surface of feeding 
oxidizing gas into the unit cell inside oxidizing gas pas- 
sages, and the manifold formed by the holes 43. 44. 45 
formed at the lower surface is the manifold at the sur- 
face of discharging oxidizing gas from the unit cell inside 



oxidizing gas passages. Therefore, in the unit cell inside 
oxidizing gas passages formed by the ribs 55. 56. 57, 
the oxidizing gas always flows in the downward direc- 
tion. 

5 [0095] According to thus constituted fuel cell of the 
second embodiment, since the oxidizing gas always 
flows downward in the unit cell inside oxidizing gas pas- 
sages, the water discharge performance in the unit cell 
inside oxidizing gas passages can be improved. As 

10 mentioned above, when the electrochemical reaction 
proceeds in the fuel cell, water is produced at the cath- 
ode side, and the produced water is vaporized into the 
oxidizing gas and is discharged outside, but the pro- 
duced water may condense in the unit cell inside oxidiz- 

15 ing gas passages. When the condensed water forms 
drops and stays in the passages, the unit cell inside oxi- 
dizing gas passages may be dosed and passing of gas 
may be impeded, but since the flow direction of the gas 
in the unit cell inside oxidizing gas passages is always in 

20 the downward direction, the condensate is easily dis- 
charged by gravity, thereby preventing the inconven- 
ience due to stay in the passages. 
[0096] Further, a drain port for discharging the con- 
densed water to outside may be provided at a specified 

25 position of the stack structure, for example, in the return 
plate or the like. Accordingly, the water not discharged 
in the vaporized state in the oxidizing gas can be dis- 
charged outside of the fuel cell, and impedance of flow 
of oxidizing gas by condensed water may be prevented. 

30 [0097] In the embodiment, the gas feed manifold and 
gas exhaust manifold formed by the holes of the sepa- 
rator are formed throughout from one end to other end 
along the laminating direction of the stack structure, and 
in such manifolds, by forming shielding parts on the way, 

35 the flow direction of the gas in the unit cell inside gas 
passages may be changed. Such constitution is 
described below as a third embodiment 
[0098] Fig. 1 4 is a plane explanatory diagram showing 
the flow of oxidizing gas in a stack structure 315 for 

40 composing the fuel cell of the third embodiment. The 
stack structure 315 for composing the fuel cell of the 
third embodiment is similar to the stack structure 115, 
and common members are designated with the same 
reference numerals, and detailed description is omitted. 

45 The stack structure 31 5 of the third embodiment is com- 
posed by laminating the separators 30 like the foregoing 
embodiments, except that shielding parts are provided 
on the way in the oxidizing gas feed manifold and oxidiz- 
ing gas exhaust manifold. That is. in the specified sepa- 

so rators 30 for composing the stack structure 315. 
specified holes of the holes 40 to 45 are closed, thus 
shielding the flow of gas passing through the manifolds. 
[0099] As shown in Fig. 14, the holes 40 to 45 of the 
separator 30 respectively form manifolds 360, 363, 361 , 

55 364, 362 and 365 in the stack structure 315. As men- 
tioned above, in the specified separators 30 for compos- 
ing the stack structure 3 1 5, since the specified hoi es ar e 
closed, shielding parts 96 are formed individually in the 



14 



27 



EP0 959 511 A2 



28 



manifolds 360. 363, 361, 364, 362, and 365. 
[0100] Since the manifold 360 is connected to the out- 
side oxidizing gas feed device through a return plate 90, 
at the return plate 90 from the shielding part 96, the 
manifold 360 functions as an oxidizing gas feed mani- 
fold, and the manifold 363 functions as an oxidizing gas 
exhaust manifold. When the flow of the gas passing 
through the manifold 360 is shut off by the shielding part 
96, the flow direction of the gas is changed in the mani- 
folds at the downstream surface of this shielding part 96 
and in the unit cell inside oxidizing gas passages com- 
municating with these manifolds. That is, the manifold 
360 functions as the oxidizing gas exhaust manifold, 
and the manifold 363 functions as the oxidizing gas feed 
manifold, and the flow direction of the gas in the unit cell 
inside oxidizing gas passages formed by the ribs 55 is 
reverse to the flow direction of oxidizing gas in the unit 
cell inside oxidizing gas passages (the passages 
formed by the ribs 55) formed in the unit cells disposed 
at the upstream surface of the shielding part 96. 
[0101 ] Likewise the manifold 363 is provided with the 
shielding part 96, and the flow direction of the gas is 
changed in the manifolds 363 at the downstream sur- 
face of this shielding part 96 and in the unit cell inside 
oxidizing gas passages communicating with these man- 
ifolds. That is, the manifold 360 functions as the oxidiz- 
ing gas feed manifold, and the manifold 363 functions 
as the oxidizing gas exhaust manifold, and the flow 
direction of the gas in the unit cell inside oxidizing gas 
passages formed by the ribs 55 returns to the same 
direction as the flow direction of gas in the unit cell 
inside oxidizing gas passages (the passages formed by 
the ribs 55) formed in the unit cells disposed in the 
region adjacent to the return plate 90. 
[0102] The shielding parts 96 provided in the mani- 
folds 361 , 364, 362, and 365 also function in the similar 
way. That is, when the flow of the oxidizing gas passing 
through the manifold functioning as the oxidizing gas 
feed manifold is cut off by the shielding part 96. at the 
downstream surface of this shielding part 96. the oxidiz- 
ing gas feed manifold and oxidizing gas exhaust mani- 
fold are exchanged, and the flow direction of the 
oxidizing gas in the unit cell inside oxidizing gas pas- 
sages formed by the corresponding ribs are inverted. 
[0103] According to thus constituted fuel cell of the 
third embodiment, like the foregoing embodiments, in 
addition to the effect of increasing the gas flow rate in 
the passage by dividing the unit cell inside gas passage 
in the same plane, the following effects are obtained. 
That is, by disposing the shielding part in the manifold 
functioning as gas feed manifold, the gas flow rate pass- 
ing through each unit cell inside gas passage is further 
increased, and the gas utility. rate is increased. For 
example, when feeding oxidizing gas in the manifold 
formed by the hole 40 of the separator 30. in this 
embodiment, the oxidizing gas is distributed in the unit 
cell inside oxidizing gas passages (the passages 
formed by the ribs 55) formed in the individual unit cells 



disposed from the end of supply of oxidizing gas to the 
position of the shielding part, but in the fuel cell not hav- 
ing shielding part in the manifold, the oxidizing gas is 
distributed into the unit cell inside gas passages (the 
5 passages formed by the ribs 55) formed in each one of 
all unit ceils for composing the stack structure. There- 
fore, by disposing the shielding parts in the manifolds, if 
the amount of gas supplied from the outside is constant, 
the amount of gas passing through the unit cell inside 
io gas passages can be further increased, and the above 
effects are obtained. 

[0104] As mentioned above, by dividing the stack 
structure for composing the fuel cell into plural sections 
and connecting the divided stack structures in series. 
15 the flow rate of the gas passing through the unit cell 
inside gas flow passages may be increased, but in the 
fuel cell of the third embodiment, by a simple constitu- 
tion of forming shielding parts in the gas manifolds 
(closing specified holes in specified separators), the gas 
20 flow rate passing through the unit cell inside gas pas- 
sages can be increased, and it is not necessary to com- 
plicate the gas piping for increasing the gas flow rate. In 
such a fuel cell, by adjusting the position and number of 
shielding parts to be disposed in the gas manifolds, the 
25 degree of increasing the gas amount passing through 
each unit cell inside gas passage can be adjusted. 
Besides, as in the embodiment, by disposing a shielding 
part on the way of a manifold, the passage resistance 
increases in the gas passage formed in the stack struc- 
30 ture. Therefore, by adjusting the number of shielding 
parts or the position of shielding parts, the passage 
resistance can be set freely in the entire stack structure. 
In the embodiment, shielding parts are provided in the 
manifolds through which the oxidizing gas passes, or 
35 similar shielding parts may be provided in the manifolds 
through which the fuel gas passes. 
[01 05] In the embodiment, the unit cell inside gas pas- 
sages are formed to communicate with the manifolds 
provided at confronting positions, and the gas passing 
40 through the unit cell inside gas passages flows in a spe- 
cific direction, but a different constitution may be com- 
posed. A fuel cell of such constitution is shown below as 
a fourth embodiment 

[0106] Fig. 15 is a plan view showing a constitution of 
45 a separator 430 for composing the fuel cell of the fourth 
embodiment, and Fig. 16 is a plan view showing a con- 
stitution of a return plate 470 of the fuel cell of the fourth 
embodiment. The stack structure for composing the fuel 
cell of the fourth embodiment is similar to the stack 
so structure 15 of the first embodiment except that it has a 
separator 430 instead of the separator 30, and has a 
return plate 470 instead of the return plate 70, and 
hence detailed description of common components is 
omitted herein. 

55 [0107] The separator 430 has holes 440 to 443, 450 
to 453 on its periphery Herein, the holes 440 to 443 are 
disposed sequentially and adjacently along a specified 
surface of the separator 430, and the holes 450 to 453 
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are disposed sequentially and adjacently along a sur- 
face confronting the surlace of the holes 440 to 443. On 
one surface of the separator 430, recesses 455 and 456 
are formed. The recesses 455 and 456 are formed in 
mutually parallel U-forms in the lateral direction. The 
recess 455 communicates with the hole 450 and hole 
451 at both its ends. The recess 456 communicates 
with the hole 452 and hole 453 at both its ends. In the 
separator 430. moreover, at the surface opposite the 
surface shown in Fig. 15. two recesses similar to the 
recesses 455. 456 are formed in U-forms reverse that of 
the recesses 455. 456 (not shown). One of the two 
recesses formed at the back surface communicates at 
both its ends with the holes 440 and 441 . and the other 
recess communicates at both its ends with the holes 
442 and 443. 

[0108] In the fuel cell composed by using such a sep- 
arator 430. the recesses 455 and 456 form unit cell 
inside fuel gas passages together with the adjacent 
anode 32, and the two recesses formed on the back 
surface form the unit cell inside oxidizing gas passages 
together with the adjacent cathode. The holes 450 and 
452 form fuel gas feed manifolds for distributing fuel gas 
into unit cell inside fuel gas passages, in the stack struc- 
ture famed by laminating the separators 430. and the 
holes 451 and 453 form fuel gas exhaust manifolds for 
collecting the fuel gas discharged from the unit cell 
inside fuel gas passages, similarly in the stack struc- 
ture. Likewise the holes 440 and 442 form oxidizing gas 
feed manifolds for distributing oxidizing gas into unit cell 
inside fuel gas passages, in the stack structure, and the 
holes 441 and 443 form oxidizing gas exhaust manifolds 
for collecting the oxidizing gas discharged from the unit 
cell inside oxidizing gas passages, similarly in the stack 
structure. 

[01 09] Moreover, in the peripheral area of the separa- 
tor 430. near the hole 450 and hole 453. the hole 457 
and hole 458 are formed. These holes 457, 458 form 
cooling water manifolds in the stack structure formed by 
laminating the separators 430. The cooling water sup- 
plied from outside of the fuel cell is distributed into the 
cooling water passages between unit cells through cool- 
ing water manifolds formed by the hole 457, and the 
cooling water discharged from the cooling water pas- 
sage between unit cells is guided outside of the fuel cell 
through the cooling water manifolds formed by the hole 

[0110] In Fig. 15. the recess of the separator 430 is 
shown to have a fiat concave surface, but each recess 
of the actual separator 430 has a plurality of specified 
convex parts projecting from the concave surface, such 
as the corrugated parts of the separator 30A shown in 
Fig. 5. By such convex parts, the gas passing through 
the unit cell inside gas passages formed by concave 
parts is agitated, and as the convex parts contact with 
the gas diffusion electrode adjacent to the separator 
430. a sufficient conductivity is held with the gas diffu- 
sion electrode. 



[0111] The return plate 470 has holes 475 to 478, 
holes 491. 492. and recesses 471. 474. This return 
plate 470 is disposed at one end of the stack structure, 
like the return plate 70 in the stack structure 15 of the 
5 first embodiment snowing the plan view of flow of gas in 
Fig. 7 and Fig. 8. When forming the stack structure by 
using the return plate 470, the return plate 470 is dis- 
posed so that the surface shown in Fig. 16 may contact 
with the structure laminating the unit cells. In Fig. 16, to 
10 clarify the configuration of the holes 475 to 478, holes 
491, 492, and recesses 471. 474 of this return plate 
47o! and the holes 440 to 443, 450 to 453. 457. 458. 
and recesses 455, 456 of the separator 430 (the config- 
uration of holes and recesses in the stack structure lam- 
, 5 inating the members including the return plate 470 and 
separator 430). the positions of the holes and recesses 
of the separator 430 are indicated by dotted lines on the 
return plate 470. 

[0112] In the formed stack structure, the hole 477 
20 communicates with the hole 450 in the separator 480. 
the hole 478 with the hole 453 in the adjacent separator 
430, the hole 475 with the hole 440 in the separator 430, 
the hole 476 with the hole 443 in the separator 430, the 
hole 491 with the hole 457 in the separator 430, and the 
25 hole 492 with the hole 458 in the separator 430. respec- 
tively. The recess 474 is formed by covering the region 
of forming the holes 451 , 452 in the separator 430. and 
the gas manifolds formed by the holed 451, 452 in the 
stack structure communicate with each other at the end 
30 portion of the stack structure. Similarly, the recess 471 
is formed by covering the region of forming the holes 
441, 442 in the separator 430, and the gas manifolds 
formed by the holes 441 , 442 in the stack structure com- 
municate with each other at the end portion of the stack 
35 structure. 

[0113] In the fuel cell having the separator 430 and 
return plate 470. the flow of gas is explained below. The 
stack structure for composing the fuel cell of the embod- 
iment, similar to the stack structure 15 shown in Fig. 3, 
40 includes the current collectors, insulating ptetes and 
end plates. In these current collectors, insulating plates 
and end plates, holes are provided at positions corre- 
sponding to the holes of the separator 430. and by con- 
necting the holes of the end plate and the external 
45 devices, same as in the foregoing embodiments, the 
fluid can be supplied in and discharged from the fuel 
cell. The hole 477 in the return plate 470 is connected to 
the fuel gas feed device through the holes provided in 
the current collectors, insulating plates and end plates 
so disposed adjacently to this return plate 470 (holes pro- 
vided at positions corresponding to the position of the 
holes 477). The supplied fuel gas is distributed into one 
of the unit cell inside fuel gas passage (the passage 
formed by the recess 455) formed in each unit cell, 
55 through the fuel gas feed manifold formed by the hole 
450 provided in the separator 430. The fuel gas passing 
through the unit cell inside fuel gas passage is collected 
in the fuel gas exhaust manifold formed by the hole 451 . 
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and is guided into the fuel gas feed manifold formed by 
the hole 452, by the recess 474 of the return plate 470. 
Further from this fuel gas feed manifold, the fuel gas is 
distributed into other unit cell inside fuel gas passage 
(the passage formed by the recess 456) formed in each 5 
unit cell, and the fuel gas passing through this unit cell 
inside fuel gas passage is collected in the fuel gas 
exhaust manifold formed by the hole 453. The current 
collectors, insulating plates, and end plates have holes .. 
provided at positions corresponding to the holes 478 of 10 
the return plate 470. and the fuel gas collected in the 
fuel gas exhaust manifolds is discharged to an outside 
fuel gas discharge device through these holes. 
[0114] The passage of the oxidizing gas is formed 
similarly, and oxidizing gas is supplied from the outside 75 
into the oxidizing gas feed manifold formed by the hole 
440 of the separator 430. and is distributed into one of 
the unit cell inside oxidizing gas passages formed in 
each unit cell. The oxidizing gas passing through these 
unit cell inside oxidizing gas passages is collected in the 20 
oxidizing gas exhaust manifold formed by the hole 441, 
and is guided into the oxidizing gas feed manifold 
formed by the hole 442. through the recess 471 pro- 
vided in the return plate 470. The oxidizing gas distrib- 
uted from this oxidizing gas feed manifold into other unit 25 
cell inside oxidizing gas feed passage formed in each 
cell is collected in the oxidizing gas exhaust manifold 
formed by the hole 443 and is guided outside. 
[01 1 5] In the current collectors, insulating plates, and 
end plates, holes are also provided at positions corre- 30 
sponding to the holes 491, 492 of the return plate 470. 
Among them, to the hole corresponding to the hole 491 , 
a specified cooling water feed device is connected, and 
the cooling water is supplied into the cooling water man- 
ifold formed by the hole 457 provided in the separator 35 
430, and the supplied cooling water is distributed from 
this cooling water manifold into cooling water passage 
between the unit cells mentioned above. The cooling 
water passing through the cooling water passage 
between the unit cells is collected in the cooling water 40 
manifold formed by the hole 458, and is discharge into a 
specified cooling water discharge device through the 
hole corresponding to the hole 492. 
[0116] According to such a fuel cell of the fourth 
embodiment, by dividing the unit cell inside gas pas- 45 
sage into a plurality on the same surface and decreas- 
ing the sectional area of the unit cell inside gas 
passage, the flow rate and flow velocity of the gas in the 
unit cell inside passage are raised, and the utility rate of 
the gas in the fuel gas is improved, and in addition to so 
these effects like the foregoing embodiments, the fol- 
lowing effects are further obtained. That is, by forming 
each one of the plurality of unit cell inside gas passages 
divided on the same surface into U-forms, the rate of the 
area of the regions contributing to electrochemical reac- 55 
tion (hereinafter called current collectors) is increased in 
the entire sectional area of the stack structure, so that 
the entire fuel cell can be reduced in size. 



[011 7] In the fuel cell having unit cell inside gas pas- 
sages divided linearly as in the first ernbodimerrt, rf the 
entire current collectors are divided parallel into four 
sections, or in the case of the fuel cell composed by 
using the separator 430 for forming U-form unit cell 
inside passages as in this embodiment, the effect of 
decreasing the sectional area of passages is similarly 
obtained, and four holes (for forming manifolds) have to 
be formed along a specified surface of the separator, 
but in the fuel cell of this embodiment, it is not neces- 
sary to form holes in the region along a surface opposite 
to the one side, and this region can be utilized as cur- 
rent collectors. In other words, in the separator for form- 
ing divided linear unit cell inside gas passages, one 
region out of the regions for forming the holes (the 
region close to the region for forming the surface oppo- 
site to the one side) is not necessary. Besides, part of 
the holes for forming the manifolds is not needed, and 
the seal structure provided near the hole (the structure 
for keeping airtight in the manifold) is not necessary, 
and the structure of the separator and seal can be sim- 
plified. Therefore, the fuel cell may be smaller in size, 
that is, the sectional area of the fuel cell may be smaller. 
As a result, the constituent members such as separator 
can be reduced in side, and the material cost may be 
saved. In addition, since the fuel cell is reduced in size, 
when mounting the fuel cell in an electric vehicle as the 
vehicle power source, the degree of freedom of design 
of the vehicle is enhanced. 

[01 1 8] In particular, in the fuel cell of the embodiment, 
the divided unit cell inside gas passages are formed in 
mutually opposite U-forms at the fuel gas surface and 
the oxidizing gas side. In such a constitution, when the 
holes are provided in the separator for forming mani- 
folds for feeding and discharging one gas along a spec- 
ified side, the holes for feeding and discharging other 
gas are formed along the surface opposite to the one 
side, and holes for forming manifolds are not needed 
near the other two sides. Therefore, in the shape of the 
fuel cell, the specified direction may be shortened. 
When the recesses for forming the unit cell inside gas 
passages are formed in lateral U-fbrms as in the sepa- 
rator 430 shown in Fig. 15, the fuel cell may be short- 
ened in length in the longitudinal direction. When the 
shape of the fuel cell is shorter in the longitudinal direc- 
tion, it is particularly advantageous for disposing the fuel 
cells beneath the seat when mounting the fuel cells in 
an electric vehicle as power source for vehicle. 
[01 1 9] In the separator for composing such a fuel cell, 
as mentioned above, manifolds for feeding and dis- 
charging cooling water are provided aside from the 
manifolds for feeding and discharging gas. but since the 
cooling water manifolds can be provided at positions 
remote from the current collectors farther than the gas 
manifolds, by disposing the cooling water manifolds, the 
effect of shortening the length of the fuel cell in the lon- 
gitudinal direction is not sacrificed. That is, in order to 
supply the gas directly contributing to the electrochemi- 
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cal reaction into the unit cells at a sufficient efficiency, 
the gas manifolds are preferred to be disposed in a 
region close to the current collectors, but the manifolds 
of cooling water not directly contributing to the electro- 
chemical reaction may be disposed in a region remote 
from the current collectors, and therefore the cooling 
water manifolds may be disposed further from the cur- 
rent collectors than the gas manifolds, and it is not 
required to extend the length of the fuel cell in the longi- 
tudinal direction. In particular, in the elliptical sectional 
shape of the current collectors by cutting off corners, as 
in the fuel cell composed by using the separator 430 
shown in Fig. 1 5. the extension of the fuel cell in the lat- 
eral direction can be suppressed. That is. when the gas 
manifolds are provided along the elliptical current col- 
lectors, if the sectional shape of the stack structure is 
square, a dead space is caused in the corners, and the 
cooling water manifolds may be disposed in this space, 
and the extension of the fuel cell in the lateral direction 
is suppressed while maintaining the shortness of the 
fuel cell in the longitudinal direction, so that the entire 
fuel cell can be reduced in size. Incidentally, if the sec- 
tional shape of the entire current collectors is square, 
instead of elliptical, and the gas passages are formed in 
U-forms. the gas flow tends to be insufficient at the cor- 
ners in the bottom of the U-forms. and electrochemical 
reaction may not proceed sufficiently. Therefore, if the 
current collectors are formed in an elliptical section as 
mentioned above and the area of the current collectors 
corresponding to the corners is decreased, there is no 
practical effect on the cell performance. 
[0120] In the separator 430 for composing the fuel cell 
of the embodiment, the downstream surface region of 
the recess 455 (the linear region closer to the hole 451 ) 
is formed in a narrower width as compared with the 
upstream surface region (the linear region closer to the 
hole 450), and similarly the downstream surface region 
of the recess 456 (the linear region closer to the hole 
453) is formed in a narrower width as compared with the 
upstream surface region (the linear region closer to the 
hole 452) (see Fig. 15). In the unit cell inside gas pas- 
sages of the fuel cell having such separator 430. the 
passage sectional area is smaller at the downstream 
side. In the fuel cell, as the electrode active material in 
the supplied gas is consumed in the electrochemical 
reaction, the gas flow rate and the concentration of elec- 
trode active material in the gas are decreased. There- 
fore, as reducing the passage sectional area at the 
downstream side, compensating for decrease of gas 
flow rate, a uniform reaction is expected in the entire 
fuel cell, and a sufficient voltage may be maintained. 
[0121] Furthermore, in the fuel cell of the embodi- 
ment, since the unit cell inside gas passages are formed 
in U-forms, as compared with the linear shape of the 
unit cell inside gas passages, the gas utility rate can be 
further enhanced. That is. when the gas is guided by the 
shape of the passage and the flow direction is changed 
to reverse direction, a turbulent flow is likely to occur in 



the region in the bottom of the U-form. and the gas is 
. agitated more, so that the gas utility rate is improved. 
[0122] In the fuel cell of the embodiment, since the 
shape of the unit cell inside gas passages is lateral U- 
5 form at both fuel gas surface and oxidizing gas side, and 
the gas is passed downward, the drain mechanism of 
the water produced in the gas flow passages can be 
simplified. For example, as in the first embodiment, 
when the unit cell inside oxidizing gas passages are 
10 formed in the vertical direction, the produced water is 
guided by the unit cell inside oxidizing gas passages 
and falls down, and collected in three manifolds posi- 
tioned downward (oxidizing gas exhaust manifolds 63, 
65, and oxidizing gas feed manifold 61). In such a fuel 
is cell, it was required to remove the water by furnishing 
the manifolds with drain valves or the like. In the fuel cell 
of the embodiment, since all unit cell inside gas pas- 
sages are in lateral U-forms, the produced water is 
gradually guided to the downstream surface in the unit 
20 cell inside gas passages by the pressure and gravity of 
flow of gas. Thus, the produced water is finally guided 
into the manifold formed by the hole 453 or hole 443 of 
the separator 430. and the drain mechanism may be 
provided only in the manifold located at the lowest posi- 
25 tion. Or if the produced water guided into these mani- 
folds is sufficiently discharged outside of the fuel cell by 
the gas pressure, drain mechanism is not needed in the 
fuel cell, and the constitution may further be simplified. 
[0123] In the separator 430 for composing the fuel cell 
30 of the embodiment. U-form recesses for forming unit 
cell inside gas passages are formed at two positions 
each on each side, but the unit cell inside gas passage 
may be divided into two or more sections (the number of 
recesses formed on one side). By increasing the 
35 number of divisions, the passage sectional area is 
smaller and the gas flow velocity is faster, and moreover 
by considering the degree of increase in the energy 
required for pressurizing the gas when feeding the gas 
by increasing the number of divisions and increasing 
40 the passage resistance, the number of divisions may be 
properly determined. In the separator 430. the periph- 
eral regions for forming the manifolds, and the region for 
forming the current collectors may be formed either inte- 
grally or separately. 
45 [01 24] In the fuel cell of the present embodiment and 
also in the fuel cell of the first embodiment, the gas 
passing through the gas exhaust manifolds is guided 
into the gas feed manifolds provided adjacently to the 
gas exhaust manifolds in the return ptate. Accordingly, 
so the recesses provided in the return plate for guiding the 
gas may be smaller (shorter), and the volume of the 
concave parts may be suppressed. While passing 
through the recesses, the gas does not contribute to 
power generation, and by suppressing the volume of 
55 gas not contributing to reaction, while the size of fuel 
cell and feed gas volume are constant, the power gen- 
eration efficiency may be sufficiently maintained. 
[0125] As mentioned above, when the gas passing 
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through the specified gas manifold is guided into the 
adjacent gas manifold by the recesses of the return 
plate, the gas seal structure near the recesses of the 
return plate may be simplified. That is, near the region 
forming inlet and outlet of the same gas adjacently, strict 
air tightness is not required as in the case of adjacent 
inlets and outlets of different gases (oxygen and hydro- 
gen). 

[0126] In the aforementioned embodiment, in a single 
stack structure, the gas passages are divided parallel in 
the laminating direction of the stack structure, and the 
gas supplied into the stack structure is designed to pass 
sequentially these divided passages, but the fuel cell 
may be composed by connecting a plurality of such 
stack structures, a greater electric power may be 
obtained. A constitution of a fuel cell composed of plural 
stack structures is explained below as a fifth embodi- 
ment. 

[0127] Fig. 1 7 is an explanatory diagram showing the 
constitution of a fuel cell 500 in the fifth embodiment 
having four stack structures, and Fig. 18 is a plan view 
showing a constitution of a separator 530 provided in 
each one of the stack structures of the fuel cell 500. The 
fuel cell 500 has four stack structures 515A, 51 5B, 
51 5C. 51 5D, and these stack structures are mutually 
connected through a feed and discharge box 512, and 
these structures are contained in a case 510. The case 
510 covers all of the four stack structures, but Fig. 1 7 is 
a partially cut-out view showing the inside of the case 
510 by removing the largest surface of the case 510. 
Each stack structure of the fuel cell 500 has a structure 
common to the foregoing embodiments, except the 
structure of its separator and the flow of gas in the 
inside, and detailed description of individual stack struc- 
tures is omitted herein. 

[0128] The feed and discharge box 51 2 is a box mem- 
ber disposed in the center of the fuel cell 500, and it is 
made of a material having a specified rigidity, for exam- 
ple, aluminum. At one surface of this feed and discharge 
box 512. the stack structures 51 5A, 515B are disposed, 
and at other side, the stack structures 515C, 51 5D are 
disposed. The feed and discharge box 512 are con- 
nected to external fuel gas feed device, fuel gas dis- 
charge device, oxidizing gas feed device, and oxidizing 
gas discharge device. Inside the feed and discharge box 
512, passages of specified shape are formed, and the 
fuel gas and oxidizing gas supplied from outside are dis- 
tributed into the stack structures of the fuel cell 500 
through these passages, and the gas discharged 
through the stack structure is also guided outside, or the 
gas is exchanged between stack structures. 
[01 29] The fuel cell 500 has pressure holding mecha- 
nisms 514 provided at its both ends, and by the pres- 
sure holding mechanisms 514, pressing force is applied 
to each stack structure from the end surface toward the 
feed and discharge box 512. so that each stack struc- 
ture is held in the case 510. The pressure holding mech- 
anism 514 in this embodiment has a pressurizing shaft 



501 , and this pressurizing shaft 501 is screwed into the 
specified hole (not shown) provided at the end of the 
case 510, and by screwing into the hole, the pressing 
force for each stack structure is held. At one end of each 
5 stack structure (the end surface of the case 510), a 
pressure plate 502 is provided. The pressing force 
applied from the pressurizing shaft 501 is transmitted to 
the stack structure through this pressure plate 502, and 
the entire stack structure in the case is pressurized (see 
w Fig- 17). 

[0130] As shown in Figs. 18A and 18B, the separator 
530 has holes 540 to 545. and holes 550 to 555, and a 
recess 546 for communicating between holes 540 and 
543, a recess 547 between holes 541 and 544, and a 
is recess 548 between holes 542 and 545 are provided on 
one surface (see Fig. 18A). On other side, a recess 556 
for communicating between holes 550 and 553, a 
recess 557 between holes 551 and 554, and a recess 
558 between holes 552 and 555 are provided on one 
20 surface (see Fig. 18B). The holes 540 to 545 form oxi- 
dizing gas manifolds 560 to 565 for feeding and dis- 
charging oxidizing gas in the stack structure, and the 
holes 550 to 555 form fuel gas manifolds 580 to 585 for 
feeding and discharging fuel gas. The recesses 546 to 
25 548 form unit cell inside oxidizing gas passages in the 
stack structure, and the recesses 556 to 558 form unit 
cell inside fuel gas passages. Although omitted in Figs. 
1 8A and 1 8B, the recesses 546 to 548, 556 to 558 of the 
separator 530 have, like the separator 480, bumps of 
30 specified shape for agitating the gas passing through 
the unit cell inside gas passages, and maintaining the 
conductivity with the adjacent gas diffusion electrodes. 
[0131] The fuel cell 500 has one return plate respon- 
sible for the passage of fuel gas, each at the end of each 
35 stack structure (at the end of the surface disposing the 
pressure holding mechanism 514). A return plate 590A 
is disposed at the end of the stack structure 51 5A, a 
return plate 590B at the end of the stack structure 51 5B, 
a return plate 590C at the end of the stack structure 
40 515C, and a return plate 590D at the end of the stack 
structure 51 5D. Figs. 19 to 22 are plan views showing 
the constitution of these return plates, each as seen 
from the surface contacting with the laminated unit cells 
20 (from the feed and discharge box 512 surface to the 
45 pressure plate 502 side). The return plate 590A has a 
recess 571 and a recess 591 , the return plate 590B has 
a recess 572 and a recess 592, the return plate 590C 
has a recess 574 and a recess 593, and the return plate 
590D has a recess 579 and a recess 594, on the sur- 
50 face respectively- Herein, the recesses 571, 572, 574. 
579 are structures for forming passages for fuel gas, 
and the recesses 591 to 594 are structures for forming 
passages for oxidizing gas. 

[0132] In Figs. 19 to 22, plane constitutions of the 
55 return plates 590A to 590D are shown, and for the con- 
venience of explaining the gas flow in the fuel cell 500. 
the configuration of part of the holes provided in the 
separator 530 laminated in the same stack structure 
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and the recesses of each return plate is also shown. 
Herein, in each stack structure, the holes of the separa- 
tor 530 positioned corresponding to .the recesses of 
each return plate are indicated by dotted line on each 
return plate in Figs. 1 9 to 22. That is. in the stack struc- 5 
ture 51 5 A. the recess 571 of the return plate 590 A com- 
municates between the fuel gas manifolds 581. 582 
formed by the holes 551 . 552 of the separator 530. and 
the recess 591 communicates between the oxidizing 
gas manifolds 562. 563 formed by the holes 542. 543 of 10' 
the separator 530 (see Fig. 19). Likewise in the stack 
structure 51 5B. the recess 572 of the return plate 590B 
communicates between the fuel gas manifolds 581. 582 
formed by the holes 551 , 552 of the separator 530, and 
the recess 592 communicates between the oxidizing 15 
gas manifolds 562. 563 formed by the holes 542. 543 of 
the separator 530 (see Fig. 20). In the stack structure 
51 5C, the recess 574 of the return plate 590C commu- 
nicates between the fuel gas manifolds 580. 581 formed 
by the holes 550. 551 of the separator 530. and the 20 
recess 598 communicates between the oxidizing gas 
manifolds 562, 563 formed by the holes 542, 543 of the 
separator 530 (see Fig. 21). Similarly, in the stack struc- 
ture 51 5D. the recess 579 of the return plate 590D com- 
municates between the fuel gas manifolds 580, 581 2 $ 
formed by the holes 550, 551 of the separator 530. and 
the recess 594 communicates between the oxidizing 
gas manifolds 562, 563 formed by the holes 542. 543 of 
the separator 530 (see Fig. 22). The direction of lamina- 
tion of members in the fuel ceil 500. and the flow of gas 30 
are described in detail below. 

[01 33] Of the four stack structures of the fuel cell 500, 
the stack structure 51 5A and 51 5C are the same in the 
direction of lamination of unit cells 20. and the direction 
of lamination in the stack structures 51 5B and 51 5D is in 35 
reverse direction. The stack structures 51 5A to 51 5D for 
composing the fuel cell 500 have same current collec- 
tors as in the foregoing embodiments at the both ends 
thereof. That is, current collectors 536A, 537A are dis- 
posed at both ends of the stack structure 51 5A, current 40 
collectors 536B, 537B at both ends of the stack struc- 
ture 51 5B, current collectors 536C, 537C at both ends 
of the stack structure 51 5C, and current collectors 
536D, 537D at both ends of the stack structure 51 5D, 
respectively (see Fig. 17). Although not shown in Fig. 45 
17, like the foregoing embodiments, these current col- 
lectors have terminals for taking out electric power from 
each stack structure. Explained below is a mode of con- 
nection of terminals provided in the current collectors of 
the stack structures 51 5A to 51 5D. so 
[0134] The terminal of the current collector 587A pro- 
vided at the end of the feed and discharge box 512 sur- 
face in the stack structure 51 5A is connected to the 
terminal of the current collector 536C provided at the 
end of the feed and discharge box 512 in the stack 55 
structure 51 5C confronting across the feed and dis- 
charge box 512. The terminal of the current collector 
537A provided at the end of the pressure holding mech- 



anism 514 in the stack structure 51 5C is connected to 
the terminal of the current collector 536D provided at 
the end of the pressure holding mechanism 51 4 surface 
in the adjacent stack structure 51 5D. The terminal of the 
current collector 537D provided at the end of the feed 
and discharge box 512 surface in the stack structure 
51 5D is connected to the terminal of the current collec- 
tor 536B provided at the end of the feed and discharge 
box 512 surface in the stack structure 51 5B confronting 
across the feed and discharge box 512. 
[0135] Herein, as mentioned above, since the stack 
structures 51 5A, 51 5C. and the stack structures 51 5B, 
51 5D are reverse in the direction of lamination of the 
unit cells 20, by connecting the connecting terminals at 
the end of each stack structure as mentioned above, the 
stack structures 51 5A to 51 5D are connected in series 
in the sequence of the stack structures 515A, 51 5C. 
515D. and 515B. When the stack structures 515A to 
515D are thus connected in series, the terminal of the 
current collector 586A provided at the end of the pres- 
sure holding mechanism 514 surface in the stack struc- 
ture, and the terminal of the current collector 537B 
provided at the end of the pressure holding mechanism 
514 surface in the stack structure 515B are output ter- 
minals of the fuel cell 500. so that the electric power can 
be picked up from these terminals. 
[01 36] The flow of fuel gas in such a fuel cell 500 is 
described below. Figs. 23 to 25 are explanatory dia- 
grams showing the mode of flow of fuel gas in the fuel 
cell 500. In Figs. 23 to 25, while showing the mode of 
flow of fuel gas in the entire fuel cell 500, the flow of fuel 
gas in the unit cell inside fuel gas passage formed in 
each stack structure is also shown near each stack 
structure. As the flow of fuel gas in the entire fuel cell 
500, the view of the fuel cell 500 from the same direction 
as in Fig. 1 7 is given. The mode of flow of fuel gas in the 
unit cell inside fuel gas passage shows the separator 
530 provided in each stack structure, from the surface of 
disposing the return plates 590A, 590B, to the surface 
of disposing the return plates 590C, 590D. When the 
separator 530 is observed in such direction, the surface 
forming the recesses 556 to 558 relating to the flow of 
fuel gas is the face surface in the stack structures 515B, 
515D (the surface shown in Figs. 23 to 25), but is the 
back surface in the stack structures 51 5A. 51 5C (the 
surface not shown in Fig. 23 to Fig. 25). Therefore, in 
Figs. 23 to 25, to express the flow of fuel gas in the unit 
cells in the stack structures 51 5B. 51 5D, recesses 556 
to 558 are indicated by a solid line, and to express the 
flow of fuel gas in the unit cells in the stack structures 
51 5A. 515C. recesses 556 to 558 are indicated by a 
broken line/Herein, such recesses 556 to 558 shown in 
Figs. 23 to 25 are indicated by the solid line and the bro- 
ken line, only for those relating to the explanation in the 
drawings. Further, in Figs. 23 to 25, for the convenience 
of expressing the mode of flow of fuel gas in the unit cell 
inside fuel gas passages, holes relating to the flow of 
oxidizing gas provided in the separator 530 are not 
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[0137] The fuel gas supplied into the feed and dis- ' 
charge box 512 from outside is distributed into the stack 
structures 51 5A. 51 5B through the passages in the feed 
and discharge box 512. At this time, the fuel gas sup- s 
plied from an outside fuel gas feed device is divided into 
two sections along the shape of the passage formed in 
the feed and discharge box 512, and is guided into the 
fuel gas manifold provided at the center of the fuel cell 
500, at the upstream surface of the stack structures 10 
515A, 515B, without changing the gas flow direction. 
That is, the fuel gas supplied from the outside is led into 
the fuel gas manifold 580 formed by the hole 550 pro- 
vided in the separator 530 of the stack structures 51 5A, 
515B (see Fig. 23). As mentioned above, since the lam- 15 
inating direction of the unit cells 20 is different between 
the stack structures 51 5A and 51 5B, the manifold in 
which the fuel gas is first introduced in the fuel gas man- 
ifold 580 formed by the hole 550 in either stack struc- 
ture. In the stack structures 515A, 515B, the fuel gas fed 20 
into the fuel gas manifold 580 formed by the hole 550 is 
distributed into the unit cell inside fuel gas passage 
formed by the hole 556 communicating with the hole 
550, and is then merged in the fuel gas manifold 583 
formed by the hole 553. That is. in the stack structures 25 
51 5A, 51 5B, the fuel gas manifold 583 functions as the 
fuel gas exhaust manifold. 

[0138] Herein, in each one of the stack structures 
51 5A, 51 5B, the fuel gas manifold 583 formed by the 
hole 553 and the fuel gas manifold 583 formed by the 30 
hole 553 in the stack structures 515C and 51 5D are 
connected through the feed and discharge box 512. 
Therefore, the fuel gas passing through the fuel gas 
manifold 583 formed by the hole 553 in the stack struc- 
tures 515A and 515B is guided into the stack structures 35 
515C and 515D through the feed and discharge box 
512, and is led into the fuel gas manifold 583 formed by 
the hole 553. In the case of such connection, mean- 
while, the gas exhaust manifolds formed in the stack 
structures 51 5A, 51 5B are connected to the gas mani- 40 
folds formed at the corresponding positions in the stack 
structures 51 5C, 51 5D. Therefore, in the stack struc- 
tures 51 5A. 51 5B. the fuel gas manifold 580 functions 
as fuel gas feed manifold, and the fuel gas manifold 583 
as fuel gas exhaust manifold, while in the stack struc- 45 
tures 51 5C and 51 5D. the relation is inverted, and the 
fuel gas manifold 580 functions as fuel gas exhaust 
manifold, and the fuel gas manifold 583 as fuel gas feed 
manifold. 

[01 39] In the stack structures 51 5C. 51 5D, the fuel gas so 
is distributed from the fuel gas manifold 583 formed by 
the hole 553 into the unit cell inside fuel gas passages 
formed by the recess 556, and the fuel gas passing 
through these unit cell inside fuel gas passages is 
merged in the fuel gas manifold 580 formed by the hole 55 
550, and reaches the return plates 590C, 590D dis- 
posed at the end of the pressure holding mechanism 
514. Herein, the recesses 574, 579 of the return plates 



590C, 590 D (see Figs. 21 and 22) overlap with the holes 
550 and 551 of the adjacent separator 530. and the fuel 
gas manifold 580 formed by the hole 550 and the fuel 
gas manifold 581 formed by the hole 551 communicate 
with each other. Therefore, the fuel gas passing through 
the fuel gas manifold 580 is guided into the fuel gas 
manifold 581 formed by the hole 551 in the same stack 
structure, by the recesses 574, 579, at the return plates 
590C. 590D, respectively (see Fig. 24). 
[0140] In the stack structures 51 5C, 51 5D, the fuel gas 
manifold 581 functions as the fuel gas feed manifold, 
and the fuel gas introduced into the fuel gas manifold 
581 is distributed into the unit cell inside fuel gas pas- 
sages formed by the recess 557, and after passing 
through these unit cell inside fuel gas passages, it is 
merged in the fuel gas manifold 584 formed by the hole 
554. That is. in the stack structures 5 1 5C. 5 1 5D. the fu el - 
gas manifold 584 functions as fuel gas exhaust mani- 
fold. 

[0141] Herein, in each one of the stack structures 
515C and 515D, the fuel gas manifold 584 formed by 
the hole 554, and the fuel gas manifold 584 formed by 
the hole 554 in each of the stack structures 51 5A and 
51 5B are connected through the feed and discharge 
box 512. Therefore, in the stack structures 51 5C and 
515D, the fuel gas passing through the fuel gas mani- 
fold which is the fuel gas exhaust manifold passes 
through the feed and discharge box 512 and is guided 
into the fuel gas manifold 584 formed by the hole 554 in 
the stack structures 51 5A and 51 5B. That is, in the stack 
structures 515A and 51 5B. the fuel gas manifold 584 
functions as the fuel gas feed manifold (see Fig. 24). 
[0142] In the stack structures 51 5A, 51 5B, from the 
fuel gas manifold 584 formed by the hole 554, the fuel 
gas is distributed into the unit cell inside fuel gas pas- 
sages formed by the recess 557, and the fuel gas pass- 
ing through these unit cell inside fuel gas passages is 
merged in the fuel gas manifold 581 formed by the hole 
551 , and reaches the return plates 590A, 590B formed 
by the hole 551. That is. in the stack structure 515A. 
51 5B, the fuel gas manifold 581 functions as the fuel 
gas exhaust manifold. 

[0143] Herein, the recesses 571, 572 of the return 
plates 590A. 590B (see Figs. 19 and 20) overlap with 
the holes 551 and 552 of the adjacent separator 530 as 
mentioned above, and the fuel gas manifold 581 formed 
by the hole 551 and the fuel gas manifold 582 formed by 
the hole 552 communicate with each other. Therefore, 
the fuel gas passing through the fuel gas manifold 581 
is guided into the fuel gas manifold 582 formed by the 
hole 552 in the same stack structure, by the recesses 
571, 572, at the return plates 590A. 590B, respectively 
(see Fig. 25). In the stack structures 51 5A, 515B, the 
fuel gas manifold 582 functions as the fuel gas feed 
manifold, and the fuel gas passing through the fuel gas 
manifold 582 is distributed into unit cell inside fuel gas 
passages formed by the recess 558, and after passing 
through these unit cell inside fuel gas passages, it is 
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merged in the fuel gas manifold 585 formed by the hole 
555. That is. in the stack structures 515A. 51 5B, the fuel 
gas manifold 585 functions as fuel gas exhaust mani- 
fold. 

[0144] Herein, in each one of the stack structures 5 
51 5A and 51 5B, the fuel gas manifold 585 formed by the 
hole 555, and the fuel gas manifold 585 formed by the 
hole 555 in each of the stack structures 51 5C and 51 5D 
are connected through the feed and discharge box 512. 
Therefore, in the stack structures 515A and 515B, the 
fuel gas passing through the fuel gas manifold which is 
the fuel gas exhaust manifold passes through the feed 
and discharge box 512 and is guided into the fuel gas 
manifold 585 formed by the hole 555 in the stack struc- 
tures 515C and 515D. That is, in the stack structures 
51 5C and 51 5D. the fuei gas manifold 585 functions as 
the fuel gas feed manifold (see Fig. 25). 
[0145] In the stack structures 51 5C, 51 5D, from the 
fuel gas manifold 585 formed by the hole 555, the fuel 
gas is distributed into the unit cell inside fuel gas pas- 
sages formed by the recess 558, and the fuel gas pass- 
ing through these unit cell inside fuel gas passages is 
merged in the fuel gas manifold 582 formed by the hole 
552. and reaches again the feed and discharge box 
512. 

[0146] That is, in the stack structure 51 5C, 51 5D, the 
fuel gas manifold 582 functions as the fuel gas exhaust 
manifold. As mentioned above, the feed and discharge 
box 512 is connected to an outside fuel gas discharge 
device, and the fuel gas passing through the fuel gas 
manifold 582 is discharged outside through the feed and 
discharge box 512. 

[0147] So far is explained the mode of flow of fuel gas 
in the fuel cell 500, and prior to explanation of the mode 
of flow of oxidizing gas in the fuel cell 500, the passage 
of oxidizing gas formed in the feed and discharge box 
512 which functions like the return plate is described. 
This oxidizing gas passage is formed near the region 
contacting with each stack structure in the feed and dis- 
charge box 512. Fig. 26 is a schematic diagram showing 
a section of cutting off the feed and discharge box 512 
taken along line 26-26 in Fig. 17, and Fig. 27 is a sche- 
matic diagram showing a section of cutting off the feed 
and discharge box 512 taken along line 27-27 in Fig. 1 7. 
As shown in Figs. 26 and 27, the feed and discharge 
box 512 is provided with passages 516 to 519. and 
these passages function for communicating between 
specified oxidizing gas manifolds in the individual stack 
structures. 

[0148] In Figs. 26 and 27, in addition to the passages 
516 to 519. the corresponding positions of the holes 
(holes provided in the separator 530) for forming the oxi- 
dizing gas manifolds communicating through these pas- 
sages are also shown. Herein, the positions of the holes 
of the separator 530 are indicated by the broken line in 
Figs. 26 and 27. As shown in Fig. 26, the passage 516 
communicates, in the stack structure 51 5A, between 
the oxidizing gas manifold 560 formed by the hole 540 



and the oxidizing gas manifold 564 formed by the hole 
544. The passage 517 communicates, in the stack 
structure 51 5B, between the oxidizing gas manifold 560 
formed by the hole 540 and the oxidizing gas manifold 
564 formed by the hole 544. Similarly, as shown in Fig. 
27, the passage 518 communicates, in the stack struc- 
ture 51 5D. between the oxidizing gas manifold 560 
formed by the hole 540 and the oxidizing gas manifold 
564 formed by the hole 544, and the passage 517 com- 
municates, in the stack structure 51 5C, between the oxi- 
dizing gas manifold 560 formed by the hole 540 and the 
oxidizing gas manifold 564 formed by the hole 544. 
[0149] In such a fuel cell 500, the mode of flow of oxi- 
dizing gas is described below. Fig. 28 to Fig. 30 are 
explanatory diagrams showing the mode of flow of oxi- 
dizing gas in the fuel cell 500. In Fig. 28 to Fig. 30, while 
showing the mode of flow of oxidizing gas in the entire 
fuel cell 500. the mode of flow of oxidizing gas in the unit 
cell inside oxidizing gas passages in the stack struc- 
tures is aJso shown. The mode of flow of oxidizing gas in 
the entire fuel cell 500 shows the fuel cell 500 as seen 
from the surface of disposing the stack structures 51 5B, 
51 5D, to the surface of disposing the stack structures 
515A, 515C. The mode of flow of oxidizing gas in the 
unit cell inside oxidizing gas passage shows the separa- 
tor 530 of each stack structure, as seen from the surface 
of disposing the return plates 590A, 590B to the surface 
of disposing the return plates 590C, 590D. Incidentally, 
when the separator 530 is seen from such direction, the 
surface of forming the recesses 546 to 548 relating to 
the flow of oxidizing gas is the face surface in the stack 
structures 51 5A, 51 5C (the surface shown in Figs. 29 to 
30), but in the stack structures 51 5B, 51 5D, it is the back 
surface (the surface not shown in Figs. 28 to 30). There- 
fore, in Figs. 28 to 30, to express the flow of oxidizing 
gas in the unit cells in the stack structures 51 5A, 51 5C, 
recesses 546 to 548 are indicated by solid line, and to 
express the flow of oxidizing gas in the unit cells in the 
stack structures 515B, 51 5D, recesses 546 to 548 are 
indicated by broken line. Herein, such recesses 546 to 
548 shown in Figs. 28 to 30 are indicated by solid line 
and broken line, only for those relating to the explana- 
tion in the drawings. Further, in Figs. 28 to 30, for the 
convenience of expressing the mode of flow of oxidizing 
gas in the unit cell inside fuel gas passages, holes relat- 
ing to the flow of fuel gas provided in the separator 530 
are not shown. 

[0150] The oxidizing gas supplied into the feed and 
discharge box 512 from outside is distributed into four 
stack structures (stack structures 515A to 51 5D) 
through the passages in the feed and discharge box 
512. The oxidizing gas distributed from the feed and dis- 
charge box 512 is guided into the oxidizing gas manifold 
561 formed by the hole 541 provided in the separator 
530 of the stack structures 51 5A to 515D (see Fig. 28). 
That is, in the stack structures 515Ato515D, the oxidiz- 
ing gas manifold 561 functions as oxidizing gas feed 
manifold. The oxidizing gas introduced into the oxidizing 
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gas manifold 561 is distributed into the unit cell inside 
oxidizing gas passages formed by the recess 547, and 
flows through the unit cell inside oxidizing gas passages 
in the downward direction, and is then merged in the 
oxidizing gas manifold 564 formed by the hole 544. That 
is. in the stack structures 51 5A to 515D, the oxidizing 
gas manifold 564 function as oxidizing gas exhaust 
manifold. 

[0151] Herein, the oxidizing gas merged in the oxidiz- 
ing gas manifold 564 return again to the feed and dis- 
charge box 512. In the feed and discharge box 512. as 
mentioned above, there are passages 516 to 519 for 
connecting the oxidizing gas manifold 564 formed by 
the hole 544 and the oxidizing gas manifold 560 formed 
by the hole 540. in the same stack structure. Therefore, 
in each stack structure, the oxidizing gas passing 
through the oxidizing gas manifold 564 passes through 
the passages 51 6 to 51 9 of the feed and discharge box 
512, and is fed into the oxidizing gas manifold 560 
formed by the hole 540 in the same stack structure (see 
Fig. 29). That is. in the stack structures 51 5A to 51 5D. 
the oxidizing gas manifold 560 functions as oxidizing 
gas feed manifold. In each stack structure, the oxidizing 
gas passing through the oxidizing gas manifold 560 is 
distributed into the unit cell inside oxidizing gas pas- 
sages formed by the recess 546, and then merged in 
the oxidizing gas manifold 563 formed by the hole 543. 
That is, in the stack structures 51 5A to 51 5D, the oxidiz- 
ing gas manifold 563 functions as oxidizing gas exhaust 
manifold. 

[0152] The oxidizing gas merged in the oxidizing gas 
manifold 563 formed by the hole 543 reaches, in each 
stack structure, the return plates 590A to 590D dis- 
posed at the end of the pressure holding mechanism 
514. Herein, the recesses 591 to 594 provided in the 
return plates 590A to 590D (see Fig. 19 to Fig. 22) over- 
lap, as mentioned above, with the holes 543 and 542 
provided in the separator 530 in each stack structure, so 
that the oxidizing gas manifold 563 formed by the hole 
543 and the oxidizing gas manifold 562 formed by the 
hole 542 communicate with each other. Therefore, in 
each one of the return plates 590A to 590D. the oxidiz- 
ing gas passing through the oxidizing gas manifold 563 
is introduced into the oxidizing gas manifold 562 formed 
by the hole 542, in the same stack structure, through the 
recesses 591 to 594 (see Fig. 30). In the stack struc- 
tures 515A to 51 50. the oxidizing gas manifold 562 
functions as oxidizing gas feed manifold, and the oxidiz- 
ing gas fed into the oxidizing gas manifold 562 is distrib- 
uted into the unit cell inside oxidizing gas passages 
formed by the recess 548. and after passing through 
these unit cell inside oxidizing gas passages, it is 
merged in the oxidizing gas manifold 565 formed by the 
hole 545. That is. in the stack structures 515A to 515D. 
the oxidizing gas manifold 565 functions as oxidizing 
gas exhaust manifold. The oxidizing gas merged in the 
oxidizing gas manifold 565 reaches again the feed and 
discharge box 512. As mentioned above, the feed and 



discharge box 512 is connected to an outside oxidizing 
gas discharge device, and the oxidizing gas passing 
through the oxidizing gas manifold 565 is discharged 
outside through the feed and discharge box 512. 
s [0153] Although the explanation is omitted in the 
above embodiment relating to the fuel cell 500. each 
stack structure for composing the fuel cell 500 also 
includes the passage for circulating the cooling water for 
keeping the internal temperature below a specified tem- 
10 perature. Such cooling water is also supplied from out- 
side through the feed and discharge box 512, and is 
distributed into four stack structures by the feed and dis- 
charge box 512, and after passing through each stack 
structure, it is discharged outside through the feed and 
15 discharge box 512. 

[0154] In the separator 530 provided in the fuel ceil 
500 of this embodiment, same as in the separator 530 
of the fuel cell of the fourth embodiment, the passage 
sectional area is smaller in the recess, for forming the 
20 unit cell inside gas passages at the further downstream 
side. That is. at the passage surface of the fuel gas. the 
passage sectional area becomes smaller in the 
sequence of the recesses 556, 557, 558. and at the 
passage surface of oxidizing gas. the passage sectional 
25 area becomes smaller in the sequence of the recesses 
547. 546, 548. As a result, also at the downstream sur- 
face smaller in the total amount of supplied gas. the gas 
flow rate per unit passage sectional area is maintained, 
and a sufficiently fast flow velocity is maintained. 
30 [0155] According to thus constituted fuel cell 500 of 
the fifth embodiment, the gas flow passage in each 
stack structure is divided into plural sections, and the 
gas is sequentially supplied into the divided gas pas- 
sages, and therefore the gas flow rate passing through 
35 unit sectional area of passage is increased, and the gas 
utility rate is enhanced, and hence same effects as in 
the foregoing embodiments are obtained. In particular, 
the fuel cell of the embodiment as plural stack struc- 
tures, and the entire fuel cell includes many unit cells. 
40 so that the effect of enhancing the gas utility rate by 
accelerating the gas flow velocity may be prominently 
obtained. Usually, if the fuel cell includes many unit 
cells, if the gas feed amount from the gas feed device 
into the^fuel cell is increased in order to raise the flow 
45 velocity and enhance the gas utility rate, the increment 
of gas flow rate in the individual unit cell inside gas flow 
passages is slight, and the fuel consumption and the 
amount of energy consumed for pressurizing the gas 
are increased, but it is hard to obtain a sufficient effect 
so of enhancing the gas utility rate. More specifically, in the 
fuel cell including four stack structures composed of 100 
unit cells each, if the feed gas amount is increased, the 
increment of amount of gas in each unit cell inside gas 
passage is, theoretically, only 1/400 of the amount of 
55 gas increased, in the gas feed device. By contrast, in the 
fuel cell of the embodiment, by forming plural recesses 
on the separator, the passage in each stack structure is 
divided into plural sections, and the gas is sequentially 
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supplied into the divided gas passages, and therefore in 
spite of many unit cells being provided, the amount of 
gas passing through the unit cell inside jas passage is 
increased without increasing the feed gas amount from 
the gas feed device, so that the gas utility rate may be 
notably enhanced. 

[01 56] Moreover, in addition to the above effects, the 
fuel cell of the embodiment has the following features* 
The fuel gas supplied from outside is first distributed 
only into the stack structures 51 5A and 51 5B, and after 
passing through the divided fuel gas passages formed 
in the stack structures 51 5A and 51 5B. and is then sup- 
plied into the stack structures 51 5C and 515D. and 
therefore as compared with the constitution for distribut- 
ing fuel gas simultaneously into four stack structures, 
the flow rate of the fuel gas supplied into one stack 
structure is increased, and the gas flow velocity in the 
passage is faster, so that the utility rate of fuel gas can 
be enhanced. 

[0157] That is, when distributing fuel gas simultane- 
ously into four stack structures, in each stack structure 
1/4 each of the fuel gas supplied from the fuel gas feed 
device is supplied, but in the fuel cell 500 of the embod- 
iment 1/2 each of the fuel gas supplied from the fuel 
gas feed device is supplied into each stack structure. 
Thus, the flow rate of fuel gas in the passage is 
increased and the gas utility rate is enhanced, so that 
the total amount of fuel gas supplied into the fuel cell 
can be saved. Usually, in order to promote the electro- 
chemical reaction sufficiently in the entire fuel cell, an 
excess amount of gas more than the theoretically 
required amount of gas is supplied, but as the gas utility 
rate in the fuel cell is enhanced, the electrochemical 
reaction can be sufficiently promoted if the supply gas 
amount is decreased. Such effects are advantageous, 
in particular, when a fuel cell is used as a driving power 
for an electric vehicle. That is. by decreasing the fuel 
gas supplied into the fuel cell, the consumption of the 
fuel contained in the electric vehicle is decreased, so 
that a longer distance can be traveled by one refueling. 
[0158] In the case of feeding gas into plural stack 
structures, if feeding gas f irst into some stack structures 
and then feeding the gas passing through these 
upstream surface stack structures into the remaining 
downstream surface stack structures, the concentration 
of the electrode active material is higher or the total 
amount of supplied gas is larger in the gas supplied into 
the upstream surface stack structures, and therefore the 
upstream surface stack structures are provided with a 
sufficient voltage and are hence advantageous. How- 
ever in the fuel cell 500 of the embodiment, since the 
divided passages in each stack structure are mutually 
connected between stack structures and the gas is 
exchanged between the stack structures, some of the 
stack structures are not disposed always at the down- 
stream side, and therefore the output of the entire fuel 
cell may be further uniform. 

[0159] According to the fuel cell 500 of the embodi- 



ment, when dividing the fuel gas supplied from the fuel 
gas feed device, by using the feed and discharge box 
512. since the gas is divided into two flows without 
changing the gas direction and is supplied into the stack 
structures 51 5A. 51 5B. the amount of gas supplied into 
each stack structure is further uniform. That is, to divide 
the gas amount into two flows precisely without chang- 
ing the direction of gas flow is far easier technically than 
to divide the gas into four different directions, so that the 
,o amount of gas supplied into each stack structure 
becomes further uniform, when the output of the entire 
fuel cell has more uniformity. 

[01 601 Incidentally, in the fuel cell 500 of the embodi- 
ment as mentioned above, the oxidizing gas is divided 
rs into four sections in the feed and discharge box 512. 
and is supplied independently into each stack structure. 
Herein, when using reformed gas obtained by reforming 
methanol or the like as the fuel gas. the hydrogen con- 
centration in the fuel gas is about 60%. but when using 
20 air as the oxidizing gas. the oxygen concentration in the 
oxidizing gas is about 20%. and therefore in order to 
supply a sufficient oxygen at the cathode side, more oxi- 
dizing gas as compared with the fuel gas has to be sup- 
plied into the fuel cell. In the case of connecting the 
25 passages divided in the stack structure mutually 
between two stack structures and passing the fuel gas 
alternately in both stack structures, as in the case of the 
passages of the fuel gas in the fuel cell of the embodi- 
ment, the length of the gas passage is longer and the 
30 passage resistance increases, and the pressure loss is 
larger when the gas passes through the passage. 
Therefore, as compared with the case of supplying the 
gas independently into each stack structure, the amount 
of energy spent for pressurizing the oxidizing gas when 
35 feeding the oxidizing gas increases, and the energy -effi- 
ciency of the entire fuel cell drops. In the fuel cell 500 of 
the present embodiment, in the passage of °x'd.z.ng 
gas where more amount of gas supply is needed, to 
avoid drop of energy efficiency due to extension of pas- 
40 sage length, the oxidizing gas is supplied independently 
in each stack structure. 

101 61 ] Yet. as far as the degree of drop in the energy 
efficiency is within an allowable range, at the oxidizing 
gas passage side, like the fuel gas passage side, the 
45 passages divided within the stack structure may be 
mutually connected between two stack structures, and 
the oxidizing gas may be alternately supplied in both 
stack structures. In such a case, also at the oxidizing 
gas passage side, the gas flow rate and gas flow -vetoc- 
so ity in the gas passage can be increased, and the gas 
utility rate can be enhanced. 

[0162] Further according to the fuel cell 500 of the 
embodiment, since plural stack structures are contained 
in one case, the entire constitution may be compact in 
55 particular, the feed and discharge box 51 2 is provided in 
the center, and the gas is supplied from outside and the 
gas is discharged to outside through this feed and dis- 
charge box 512, and the gas can be exchanged 
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between stack structures through the feed and dis- 
charge box 512, so that the gas piping structure may be 
extremely compact. 

[0163] Also in the embodiment, plural recesses are 
formed in the separator surface, and each recess forms 5 
a unit cell inside gas passage independently, and the 
divided gas passages corresponding to the individual 
unit cell inside gas passages are mutually connected, 
so that the gas is passed sequentiaJly among them, and 
therefore it is not necessary to pass the gas sequentially w 
from the unit cell inside gas passage formed by the 
recess provided at the end of the separator. In the 
embodiment, the oxidizing gas is passed from the unit 
cell inside oxidizing gas passage formed by the recess 
547 provided in the center of the separator 530. In the is 
gas passage, the gas pressure is higher at the 
upstream side, and in the passage having a high gas 
pressure, slight gas leak may be considered in a sur- 
rounding region through the gas diffusion electrode, but 
as the unit cell inside gas passage formed by the recess 20 
provided in the center of the separator is set at the 
upstream side, the gas leaking from the unit cell inside 
gas passage of the upstream surface can be utilized in 
the region corresponding to the unit eel! inside gas pas- 
sage of the further downstream surface disposed at 25 
both sides. Herein, in each unit cell inside oxidizing gas 
passage, since the oxidizing gas always flows in the 
downward direction, the water produced in the passage 
is guided into the lower oxidizing gas exhaust manifold 
by the flow of gas. so that the passage is not closed. 30 
The water guided into the oxidizing gas exhaust mani- 
fold can be removed by attaching a drain valve or the 
like to each oxidizing gas exhaust manifold. 
[0164] In the embodiment, the passage of the fuel gas 
is designed to pass sequentially from the unit cell inside 35 
gas passage formed by the recess provided at the end 
of the separator. That is, the unit ceil inside fuel gas pas- 
sage formed by the recess 556 at the upper end is the 
utmost upstream side, and the unit cell inside fuel gas 
passages formed by the lower recesses are designed to 40 
be at the downstream side. In each unit cell inside fuel 
gas passage, since the fuel gas flows in the horizontal 
direction, in such a constitution, the water produced in 
the passage is gradually guided into the downstream 
surface unit cell inside fuel gas passages by the flow of 45 
gas. and is collected finally in the utmost downstream 
surface fuel gas exhaust manifold (the fuel gas manifold 
585 in the stack structures 51 5A, 51 5B. or the fuel gas 
manifold 582 in the stack structures 51 5C, 51 5D). 
Therefore, by attaching a drain valve or the like to this so 
fuel gas exhaust manifold, the water can be easily 
removed. 

[01 65] Moreover, in the fuel cell 500 of the fifth embod- 
iment, the oxidizing gas passage of specified shape is 
formed in the feed and discharge box 512. and through 55 
this passage, the oxidizing gas is introduced into the 
gas passages divided at the further downstream side, 
but instead of forming the passage in the feed and dis- 



charge box 512, a return plate may be disposed at the 
end of each stack structure. That is, in each stack struc- 
ture, aside from the return plates 590A to 590D pro- 
vided at the end of the pressure holding mechanism 514 
side, return plates may be also disposed at the end of 
the feed and discharge box 512 side, and the same 
operation as in the passages 516 to 519 provided in the 
feed and discharge box 512 may be realized by these 
return plates. Each stack structure is connected in 
series in the sequence of stack structures 51 5A, 515C, 
515D, 51 5B, but a different method of connection is also 
possible. For example, these stack structures may be 
connected in parallel mutually. 

[01 66] As described herein, in the fuel cell 500 of the 
fifth embodiment, by forming plural recesses on the 
separator, the passage in each stack structure is 
divided into plural sections, and the gas is sequentially 
supplied into the divided gas passages, and therefore, 
in spite of many unit cells bang disposed, it is not nec- 
essary to increase the amount of gas supplied from the 
gas feed device, and the amount of gas passing through 
the unit cell inside gas passages is increased, and the 
gas utility rate can be enhanced substantially On the 
basis of such effect, by using the separator having plural 
recesses as in the fifth embodiment, a fuel cell having a 
smaller number of stack structures may be composed. 
Herein, as the number of unit cells provided in one stack 
structure is increased, the gas flow rate in individual unit 
cell inside gas passages decreases, and the gas utility 
rate drops. In order to increase the number of cells per 
unit stack structure while maintaining the gas flow rate 
in the unit cell inside gas passages, it is necessary to 
increase greatly the gas amount to be supplied into the 
stack structure, and it is accompanied by increase of 
fuel consumption and increase of energy spent for pres- 
surizing the gas, and hence it was hitherto difficult to 
increase the number of unit cells per unit stack struc- 
ture. Like the fifth embodiment, by using the separator 
having plural recesses, when the passage in each stack 
structure is divided into plural sections, and the gas is 
sequentially supplied into the divided gas passages, the 
number of unit cells per unit stack structure can be 
increased without being accompanied by such incon- 
venience. 

[01 67] Fig. 31 shows a fuel ceil having two stack struc- 
tures, being an explanatory diagram showing a constitu- 
tion of a fuel cell 600 having the same number of unit 
cells as in the fuel cell 500 shown in Fig. 17, The fuel 
cell 600, like the fuel cell 500, is composed by using the 
separator 530. and the passage in the stack structure is 
divided into three sections, and therefore if the number 
of unit cells per unit stack structure is increased, a suffi- 
cient gas flow rate is maintained in the unit cell inside 
gas passage. Thus, by increasing the number of unit 
cells per unit stack structure and decreasing the number 
of stack structures, the dead space required for contain- 
ing plural stack structures in the case is curtailed, and 
the entire fuel cell may be further reduced in size. 



25 



49 



EP0 959 511 A2 



50 



[0168] In the foregoing embodiments, the polymer 
electrolyte fuel cell is explained, but the constitution of 
the invention may also be applied to different types of 
fuel cell. For example, when applied in the phosphate 
type fuel cell or solid electrolyte type fuel cell, the gas 5 
utility can be enhanced, water discharge performance is 
improved, and other similar effects are obtained. 
[0169] The invention is described herein relating to 
illustrated embodiments, but it should be noted that the 
invention is not limited to these embodiments alone, but 10 
may be changed or modified in various forms within the 
scope and spirit of the invention. 3. 
[0170] A fuel cell enhancing the utility rate of supplied 
gas includes a separator (30) having a plurality of holes 
(40, 41, 42, 43, 44, 45) extending therethrough and a is 
plurality of ribs (55, 56, 57)communicating between 
mutually confronting holes. Oxidizing gas supplied into 
the fuel cell passes through a first oxidizing gas feed 
manifold (60, 61 . 62)formed by a first hole (40, 42, 44), 
is distributed into a first unit cell inside oxidizing gas 20 
passage formed by a first rib, and is merged in an oxi- 
dizing gas exhaust manifold (63, 64, 65) formed by a 
second hole (41 , 43, 45). This oxidizing gas is guided 
into a return plate (70) disposed at the end of the fuel 
cell, is further led into a second oxidizing gas feed man- 25 4. 
ifold, and is distributed into a second unit cell inside gas 
passage. The oxidizing gas sequentially passes 
through plural unit cell inside oxidizing gas passages. 

Claims 30 

1. A separator(30) for a fuel cell, the fuel cell being 
formed of an electrolyte layer(31) and an elec- 
trode^) forming member laminated together to 
form a gas passage inside the fuel cell, the separa- 3S 
tor characterized by comprising: 

a plurality of first holes (40,41,42,43.44,45) 
extending through the separator(30) in a thick- 
ness direction thereof; and *o 
a plurality of first cell inside passage forming 
structures(55.56 I 57) extending along a first 
surface of the separator, each first cell inside 
passage forming structure(55,56.57) forming, 
when the separator is installed in a fuel cell, a 45 
first cell inside passage fluidly connecting two 
of the first holes(40.41 ,42,43,44,45). each of 
the first cell inside passage forming structures 
having a concave section, wherein the first cell 5. 
inside passage forming structures(55,56,57) so 
are formed so that the first cell inside passages 
are fluidly sealed from one another. 

2. A separator(30) according to claim 1, further com- 
prising a plurality of second holes(50,51 .52,53) ss 
extending through the separator(30) and a plurality 

of second cell inside passage forming struc- 
tures^^) provided on a second surface of the 



separator, each second cell inside passage forming 
structure(58.59) forming, when the separator(30) is 
installed in a fuel cell, a second cell inside passage 
fluidly connecting two of the second 
holes(50,51. 52,53). each of the second cell inside 
passage forming structures having a concave sec- 
tion, wherein the second cell inside passage form- 
ing structures(58.59) are formed so that the second 
cell inside passages are fluidly sealed from one 
another. 

A separator(30) according to claim 1, characterized 
in that all of the first cell inside passage forming 
structures(455,456) are disposed adjacent to one 
another with the first holes(450.451. 452,453) 
extending along a first side of the separator, and 
characterized in that each of the first cell inside pas- 
sage forming structures(455,456) extends along 
the first surface of the separator from an upstream 
one of the two first holes (450) away from the first 
side of the separator and then return toward the first 
side to couple to a downstream one of the two first 
holes(45l). 

A separator(30) according to claim 3, further com- 
prising a plurality of second holes extending 
through the separator and a plurality of second cell 
inside passage forming structures provided on a 
second surface of the separator, each second cell 
inside passage forming structure forming, when the 
separator is installed in a fuel cell, a second cell 
inside passage fluidly connecting two of the second 
holes, each of the second cell inside passage form- 
ing structures having a concave section, wherein 
the second cell inside passage forming structures 
are formed so that the second cell inside passages 
are fluidly sealed from one another, wherein the 
second holes are provided along a second side of 
the separator opposite the first side and wherein all 
of the second cell inside passages are disposed 
adjacent to one another with each of the second 
cell inside passage forming structures extending 
along the second surface of the separator from an 
upstream one of the two second holes away from 
the second side of the separator and then returning 
toward the second side to couple to a downstream 
one of the two second. 

A fuel cell for providing an electromotive force by 
electrochemical reaction upon supply of reaction 
gas. the fuel cell being composed of a plurality of 
unit cells(20) laminated together in a stack struc- 
ture^), wherein each of the unit cells(20) includes 
an electrolyte layer(31). an electrode(32) and a 
separator(30), the fuel cell characterized by com- 
prising: 

plural dividing passage forming 
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parts(60,61 ,62,66,67) provided in the stack 
structure{15) in a laminating direction for pass- 
ing the supplied reaction gas therethrough, 
comprising: 

5 

a gas feed manifold(60.61. 62.66.67) for 
distributing the reaction gas into the indi- 
vidual unit cells(20); 

a gas exhaust manifold(63. 64.65,68,69) 
for collecting the reaction gas discharged 10 
from the individual unit cells(20); and 
a unit cell inside gas pas- 
sage(55.56.57.58,59) within each of the 
unit cells(20). each unit cell inside gas pas- 
sage(55,56,57.58,59) including a concave is 
section for communicating between the 
gas feed manifold(60,61. 62.66.67) and the 
gas exhaust manifold(63,64. 65.68, 69) and 
for supplying and discharging the reaction 
gas in at least a part of the electrolyte 20 
layer(31) and the electrode (32); and 

1 

a passage linkage(70) for linking an end por- 
tion of the gas exhaust mani- 
fold(63.64.65,68,69) provided in one of the 25 
plural dividing passage forming parts and an 
end portion of the gas feed mani- 
fold(60,61 ,62,66.67) provided in another one of 
the plural dividing passage forming parts at an 
end portion of the stack structure(15), wherein 30 
at least on one surface of the gas separa- 
tors^) of at least one of the unit cells(20). a 
plurality of inside gas pas- 
sages(55.56,57,58.59) are provided which are 
fluidly sealed from one another. 35 
and wherein the reaction gas passes sequen- 
tially through the plural dividing passage form- 1! 
ing parts while passing through the passage 
linkage(70). 

40 

A fuel cell according to claim 5, characterized in 
that the reaction gas is oxidizing gas containing 
oxygen, and a flowing direction of the oxidizing gas 
within the unit cell inside gas pas- 
sages(55.56.57.58,59) is the same as a working 45 
direction of gravity. 

A fuel cell according to claim 5. characterized in 
that the gas feed manifold(60,61 .62,66,67) supplies 
reaction gas simultaneously into all the unit cell so 
inside gas passages(55,56.57.58.59), and the gas 
exhaust manifold(63,64,65,68,69) collects the reac- 
tion gas discharged from all the unit cell inside gas 
passages (55.56,57,58,59). 

55 

A fuel cell according to claim 5, characterized in 13 
that the gas feed manifold(60,6 1,62,66.67) and the 
gas exhaust manifold{63, 64,65.68,69) are formed 



in a tubular structure individually having shielding 
parts(96) inside for cutting off the flow of the gas 
therethrough, and the tubular structure inverts the 
functions of the gas feed manifold and the gas 
exhaust manifold at the upstream and downstream 
ends of the shielding parts(96). 

9. A fuel cell according to claim 5. characterized in 
that a plurality of stack structure^ 15) are provided, 
and the reaction gas supplied into the fuel cell is 
divided before being supplied into the stack struc- 
tures. 

10. A fuel cell according to claim 5. characterized in 
that a plurality of stack structures(15) are provided, 
and the reaction gas supplied into one of the stack 
structures passes through the plural dividing pas- 
sages provided in at least one other stack structure 
in the process of passing through the plural dividing 
passage forming parts. 

1. A fuel cell according to claim 5, characterized in 
that the cell inside passage forming struc- 
tures(455,456) formed on the surface of the sepa- 
rator(430) are U shaped, and the cell inside 
passages(455,456) of each unit cell are disposed 
adjacent to one another, facing the same direction, 
and the individual unit cell inside gas pas- 
sages(455,456) connect the gas feed mani- 
fold(450,452) and the gas exhaust 
manifold(451.453) at both ends of the U-form, and 
the gas feed manifold(450,452) and the gas 
exhaust manifold(451,453) are disposed adjacent 
to one another along one surface of the stack struc- 
ture. 

2. A fuel cell according to claim 1 1 , further comprising: 

a refrigerant passage extending through the 
fuel cell for passing a refrigerant therethrough; 
and 

a refrigerant manifold (45 7. 458) formed in the 
laminating direction of the stack structured 5) 
for one of distributing the refrigerant to the 
refrigerant passage and collecting the refriger- 
ant passing through the refrigerant passage, 
wherein the refrigerant manifold(457,458) is 
provided adjacent to the gas feed mani- 
fold(450,452) and the gas exhaust mani- 
fold^ 1 .453). and is separated from the unit 
cell inside gas passages by a distance greater 
than that between the gas feed rnani- 
fold(450,452) and the gas exhaust mani- 
fold^! .453). 

. A fuel cell according to claim 5. characterized in 
that the dividing passages are disposed on oppo- 
site sides of each separator, and are disposed so 
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that their U-forms face reverse directions, . 

and the gas feed manifold is connected to the 
unit cell inside gas passages at locations adja- 
cent to one another along the first surface of 
the stack structure, 

and the gas exhaust manifold is connected to 
the unit cell inside gas passages at locations 
adjacent to one another along a second sur- 
face of the stack structure(15), the second sur- 
face of the stack structure being opposite the 
first surface thereof. 
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